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Kygp,  Moffett,  and  Barkow  (p.  152)  have 
added  x-ray  diffraction  studies  of  silver-tin 
amalgams  to  microstructural  studies.  They 
confirm  the  observations  of  some  authors  in 
the  phases  evolved  in  amalgamation,  but  dis¬ 
pute  the  claims  of  others.  The  addition  of 
new  technics  to  studies  of  dental  materials 
offers  a  refreshing  approach  that  should  lead 
to  a  better  understanding  of  their  properties. 

BeLanger  (p.  168)  applied  the  autoradio¬ 
graphic  technic  to  bones,  teeth,  and  osteo¬ 
genic  sarcoma.  As  others,  he  found  that  the 
pattern  of  in  vitro  exchange  was  similar  to 
that  found  in  vivo.  A  higher  rate  of  ex¬ 
change  (not  metabolism)  in  young  tissues 
was  also  evidenced  in  areas  surrounding  cari¬ 
ous  lesions,  suggesting  a  role  of  the  organic 
material.  Teeth  incubated  in  hyaluronidase 
showed  greater  penetration  by  radioactive 
minerals.  This  may  be  due  to  partial  hydrol¬ 
ysis  of  mucopolysaccharides  in  the  dentin. 

Kalnins  (p.  177)  has  shown  that  bone  and 
pulp  of  guinea  pigs  irradiated  with  x-rays 
evidence  more  profound  destructive  changes 
when  the  animal  is  on  reduced  ascorbic  acid 
intake.  Surgery  has  only  recently  recognized 
the  importance  of  the  nutritional  state  of  the 
patient  in  response  to  operative  procedures. 
This  study  points  out  the  importance  of  vita¬ 
min  C  level  in  resistance  of  normal  tissue 
to  irradiation.  The  question  may  be  raised 
as  to  the  effect  of  vitamin  C  in  protecting 
neoplastic  cells  from  radiant  »*n(‘rgj'.  If  the 
protection  of  animal  tissue  is  greater  than 
that  of  tumor  tissue,  routine  vitamin  C  ther¬ 
apy  may  increase  the  value  of  radiation  by 
protecting  nonneoplastic  cells. 

When  rats  in  which  rickets  have  been  in¬ 
duced  and  then  healed  were  placed  on  rachito- 
genic  diets,  dentin  calcification  stopped  ab¬ 
ruptly,  although  Irving  (p.  189)  notetl  that 
the  rate  of  matrix  formation  seemed  un¬ 
changed.  This  procedure  is  suggested  as  a 
method  for  rapi<lly  stopping  dentin  calcifica¬ 
tion  experimentally. 

Richards  (p.  193)  has  used  the  step  plate 
penetrometer  to  investigate  the  influence  of 
different  radiopacities  of  lips  and  mandibles 
on  the  qualities  of  radiographs  of  the  teeth 
and  supporting  bone.  Ilis  findings  are 
worthy  of  consideration  by  dentists  and  x- 


ray  equipment  manufacturers.  It  appears 
that  tube  voltage  should  be  changed  to  pro¬ 
duce  radiographs  of  uniform  density  in  dif¬ 
ferent  types  of  patients,  and  that  for  some 
patients  present  dental  equipment  is  taxed. 

Hoppert  and  Hunt’s  caries-susceptible  and 
caries-resistant  strains  of  albino  rats  offer 
ideal  animals  for  investigation  of  the  effects 
of  particular  dietary  factors.  Too  many  in¬ 
vestigators,  using  genetically  heterogenous 
methods,  have  reported  results  prematurely. 

Stewart,  Hoppert,  and  Hunt’s  (p.  210) 
seventeenth  and  twenty-first  generations  show 
that  granulated  sugar  diets,  as  well  as  fine 
rice  diets,  are  cariogenic  in  these  animals. 

Confectioners’  sugar  also  produced  carious 
lesions.  Studies  of  the  oral  flora  of  these 
animals,  presently  underway,  should  be  pro¬ 
ductive. 

Clise  and  Hunt  (p.  215)  observed  that 
growth  rate  and  hair  density  was  less  for 
genetically  caries-susceptible  rats  than  for 
caries- resistant  rats.  They  suggest  that  the 
changes  in  growth  rates  may  be  the  result  of 
caries  activity,  and  it  is  further  pointed  out 
that  the,  three  traits  (growth  rate,  caries  sus¬ 
ceptibility,  and  pilosity)  may  be  unrelated 
traits  fixed  in  the  animals  by  inbreeding.  .  ■ 

The  possible  use  of  experimental  animals  to  I 

study  the  effect  of  tooth  loss  or  impaired 
dental  function  on  growth  rates  and  disease 
resistance  has  been  neglected.  While  it  is 
generally  accepted  that  efficient  dental  func-  ^ 

tion  is  essential  to  good  health,  little  scien-  . 

tifically  acceptable  evidence  has  been  accumu-  ! 

lated. 

Klapper  and  Volker  (p.  219)  reduced  sali-  j 

vary  function  to  a  minimum  in  hamsters  by 
removing,  or  ligating,  the  major  salivary 
glands.  The  animals  showed  marked  caries 
activity,  even  when  fed  diets  with  sucrose 
replaced  by  constarch.  Since  amylase  is  con¬ 
sidered  essential  for  the  breakdown  of  starch 
to  simple  sugars  utilize<l  by  oral  bacteria, 
some  enzymatic  activity  must  have  resulted 
from  the  secretion  of  minor  glands,  or  from 
amylase  available  from  the  bacteria.  While 
it  is  again  evident  that  sucrose  is  more  read 
ily  converted  to  acid  by  oral  bacteria,  and 
therefore  has  greater  cariogenic  potentiality, 
it  also  appears  that  in  the  susceptible  animal 
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more  complex  carbohydrates  are  converted  to 
simpler  sugars  and  are  available  for  rapid 
conversion  to  organic  acids.  These  observa¬ 
tions  are  in  accord  with  clinical  evidence  in 
man. 

McDonald  (p.  224)  tested  the  effect  of 
antihistamines  on  salivary  flow.  The  marked 
effects  shown  might  be  expected  to  reflect 
themselves  sooner  or  later  as  dry  mouth  and 
its  sequelae.  In  any  patient  complaining  of 
dry  mouth,  burning  tongue,  mucositis,  cheilo¬ 
sis,  or  taste  disturbance,  the  use  of  antihista¬ 
mines  should  be  carefully  checked. 

Klapper  and  Volker  (p.  227)  eliminated 
sublingual  and  submaxillary  saliva  in  some 
hamsters,  and  parotid  saliva  in  others.  In 
animals  fed  high  sucrose  diets  either  opera¬ 
tion  led  to  high  caries  activity,  suggesting 
that  salivary  flow  (quantity)  is  more  impor¬ 
tant  than  saliva  type  (quality).  Minimal 
caries  resulted  in  similarly  treated  animals 
fed  high  cornstarch  diets,  although  removal 
of  all  major  salivary  glands  resulted  in  high 
caries  scores,  even  in  cornstarch-fed  hamsters. 
This  is  interpreted  as  indicating  that  reduced 
salivary  flow  still  can  clear  the  starch  be¬ 
fore  appreciable  hydrolysis  by  amylase.  The 
saliva  still  remains  an  important  factor  in 
caries  control,  and  further  detailed  study 
may  guide  us  to  useful  information. 

Wright  and  Jenkins  (p.  232)  found  four 
times  as  many  intact  leukocytes  in  the  salivas 
of  caries-free  subjects  as  in  caries-active 
salivas,  although  adding  the  disintegrating 
leukocytes  in  the  salivas  of  both  groups  re¬ 
sulted  in  counts  of  no  significant  difference. 
It  is  interesting  that  studies  of  this  type  are 
often  made  with  little  description  of,  and  ap¬ 
parently  little  attention  to,  the  method  for 
determination  of  caries-active  and  caries- 
free  groups.  In  this  instance,  those  in  the 
caries-frce  group  ha<l  only  one  or  two  fillings 
each,  and  no  visible  decay.  Bite-wing  x-rays 
might  change  the  grouping  of  some  of  these 
individuals.  Some  index  of  present  caries 
susceptibility  would  be  valuable.  Differences 
in  methods  of  determining  caries  activity 
groups  may  account  for  differences  in  ob¬ 
servations  between  groups  by  different  auth¬ 
ors. 

Shafer  and  Muhler  (p.  262),  investigating 
the  influence  of  gonadectomy  and  sex  hor¬ 
mones  on  the  salivary  gland  structure  of 
rats,  observed  some  interesting  changes  that 
might  be  related  to  changes  in  caries  activity 


in  similarly  treated  animals.  Gonadectomy 
reduced  the  size  of  the  secretory  tubules,  as 
did  diethylstilbestrol  in  females.  Testoster¬ 
one  increased  their  size  and  number  in  males. 
An  endocrine  function  of  the  salivary  glands 
is  postulated.  The  influence  of  saliva  on  the 
caries  process  has  been  recognized,  but  chem¬ 
ical  analyses  have  offered  results  that  appear 
to  be  conflicting.  Re-examination  of  those 
data  and  the  conditions  under  which  the 
saliva  was  collected  may  yield  significant  in¬ 
formation. 

Kreshover,  Clough,  and  Bear  (p.  246)  sub¬ 
jected  pregnant  rats  to  alloxan.  It  was  not 
possible  to  determine  that  all  animals  de¬ 
veloped  experimental  diabetes  from  the 
alloxan  injections.  The  later  the  alloxan  was 
given  during  pregnancy  the  more  successful 
were  the  deliveries.  A  high  percentage  of 
abnormalities  in  the  developing  teeth  was 
observed  in  the  alloxan-treated  rats.  Kresh¬ 
over,  Clough,  and  Bear  expressed  the  opinion 
that  the  dental  lesions  are  nonspecific,  similar 
to  hypoplasias  caused  by  a  wide  variety  of 
diseases.  Relatively  few  examples  of  enamel 
hypoplasia  appearing  on  human  teeth  de¬ 
veloped  in  utero  have  been  reported.  Per¬ 
haps  the  experimental  procedures  used  on 
these  rats  are  more  severe  than  the  trauma 
to  which  human  beings  are  likely  to  be  sub¬ 
jected. 

Bodecker’s  long  interest  in  the  dental 
lamellae,  which  he  originally  described  in 
1906,  has  led  him  to  further  observations. 
He  suggests  (p.  239)  that  they  are  fluid- 
filled  cracks  in  life,  and  as  such  may  play 
an  important  part  in  dental  caries.  The 
later  claim  has  been  made  before,  but  Scott 
and  Wyckoff  (J.A.D.A.  39:  255,  1949) 
demonstrated  that  the  relationship  between 
the  distribution  of  carious  lesions  and  lam¬ 
ellae  (or  cracks)  is  random. 

Morphologic  differences  have  been  ob- 
ser\’ed  between  normal  dentin  and  that  laid 
down  in  response  to  injury,  in  regions  of 
internal  resorption,  in  odontomes,  and  in  den¬ 
tinogenesis  imperfecta.  The  dentin  of  den¬ 
tinogenesis  imperfecta,  for  example,  has  been 
studied  by  clinical  analysis,  x-ray  diffraction, 
polarized  light,  and  microhardness  tests,  as 
well  as  microscopy.  Burstone  (p.  269)  has 
continued  the  investigation,  utilizing  histo- 
chemical  technics.  He  suggests  that  the  state 
of  calcification  and  the  state  of  aggregation 
of  the  ground  substance  of  normal  and  ab- 
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normal  dentin  are  related.  In  the  instance 
of  dentinogenesis  imperfecta,  it  is  indicated 
that  an  abnormal  protein  carbohydrate 
ground  substance  is  unable  to  react  with  cal¬ 
cium  salts  to  produce  mature  dentin. 

Oral  histologists  once  showed  great  inter¬ 
est  in  comparative  dental  histology,  but  con¬ 
tributions  in  this  field  now  are  relatively  in¬ 
frequent.  Kvam  (p.  280),  working  as  a  Ful- 
bright  scholar,  presents  the  results  of  in¬ 
vestigations  of  dentin  development  in 
Squntvs  acanthias.  He  agrees  more  with 
Weidenreich ’s  concept  of  dentin  formation 
in  this  species  than  with  that  of  Von  Korflf. 
One  must  not  be  casual  in  interpreting  these 
findings  in  human  material. 

Intravenously  administered  chlorampheni¬ 
col  rapidly  appears  in  the  saliva,  and  is  still 
present  eight  hours  after  injection.  Bender, 
Pressman,  and  Tashman  (p.  287)  also  found 
tliat  penicillin  and  streptomycin  disappear 
more  rapidly  from  saliva.  The  appearance 
of  antibiotics  in  the  saliva,  and  their  per¬ 


sistence,  may  dictate  the  type  best  suited 
for  prophylactic  therapy  in  subacute  bacterial 
endocarditis. 

The  presence  of  antibodies  of  syphilis  in 
the  saliva  is  of  interest.  Coleman  and  Apple- 
man  (p.  294)  found  that  three  of  twenty-one 
treated  patients  with  syphilis  had  Kahn 
positive  salivas;  six  with  positive  salivary 
Mazzini ’s ;  eight  with  positive  salivary 
VDRL’S,  and  six  with  positive  Kolmer’s;  a 
total  of  eleven  positive  by  one  test  or  an¬ 
other.  At  the  same  time,  four  of  ten  un¬ 
treated  serologically  positive  individuals  had 
antibodies  demonstrable  in  saliva.  The  sali¬ 
vary  antibodies  were  not  correlated  directly 
with  blood  titer,  and  the  salivary  titer  appar¬ 
ently  drops  before  the  blood  titer.  The 
saliva  does  not  appear  to  lend  itself  to  anti¬ 
body  tests  for  syphilis,  clinically,  but  the 
implication  of  the  presence  of  antibodies  in 
saliva  is  suggestive. 

H.  B.  G.  R. 


MICROSTRUCTURAL  OBSERVATIONS  AND  X-RAY  DIFFRACTION 
STUDIES  OF  SILVER-TIN  AMALGAMS 

G.  RYGE,  D.D.S.,  J.  C.  MOFFETT,  A.B.,  AND  A.  G.  BARKOW,  Ph.D. 

School  of  Dentistry  and  Graduate  School,  Physics  Department,  Marquette  University, 

Milwaukee,  Wis. 

INTRODUCTION 

WHILE  the  dental  literature  offers  an  abundance  of  reports  on  the  physical 
properties  of  dental  amalgam  as  influenced  by  manipulative  factors,  it 
may  be  noted  that  several  phenomena  relative  to  the  setting  reaction  are  still 
unsolved.  Various  theories  have  been  set  forth,  but  the  exact  nature  of  the 
reaction  is  not  fully  understood. 

The  very  extensive  studies  of  the  setting  reaction  of  dental  amalgam  by 
Knight  and  Joyner,^  Gray,*  Gayler,*  Troiano,^  and  Stenbeck"’  make  it  seem 
evident  that  the  main  reactions  during  setting  occur  between  the  silver,  the 
tin,  and  the  mercury,  and  that  a  better  understanding  of  the  phase  formation 
might  be  gained  by  studying  these  constituents  and  their  alloys  with  modern 
technics  and  equipment. 

The  advantage  of  confining  the  studies  to  the  constituents  silver,  tin,  and 
mercury  will  readily  be  appreciated  by  anybody  who  has  studied  the  equilibrium 
diagrams  for  the  binary  and  ternary  alloys  of  these  elements  (Figs.  1  to  4).*’ 
Fig.  5  shows  Gayler’s  AgaSn-mercury  diagram  which  is  the  basis  for  the 
theories  of  setting  developed  by  Gayler*  and  by  Troiano.*  Both  agree  that  the 
final  result  of  the  reactions  between  the  AgaSn  (gamma)  and  the  mercury  is  the 
formation  of  the  beta-1,  the  gamma- 1,  and  the  gamma-2  phases.  The  point  of 
controversy  is  the  process  by  which  equilibrium  is  attained,  if  ever.  Since  the 
dimensional  changes  are  noted  within  the  early  stages,  the  phases  formed  im¬ 
mediately  after  trituration  must  account  for  or  at  least  have  something  to  do 
with  the  contraction  and  the  expansion.  Gayler  claims  that  the  setting  proceeds 
from  the  left  (Fig.  5),  through  a  stage  where  only  beta-1  and  gamma-2  are 
present,  whereas  Troiano  arrives  at  the  result  that  the  process  starts  out  with 
the  formation  of  gamma-1  plus  delta-2  (plus  unattacked  AggSn)  and  then  goes 
through  a  stage  where  only  the  gamma-1  and  gamma-2  phases  are  present, 
until  finally  the  beta-1  phase  is  formed.  Both  theories  were  published  in  1936 
to  1938,  and  the  question  of  which  theory  is  the  correct  one  is  still  open. 

Stenbeck,®  on  the  basis  of  Murphy’s®  and  Gayler ’s*  equilibrium  diagrams, 
studied  the  phases  present  in  binary  and  ternary  set  amalgams  made  up  from 
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•C  Atomic  Percentage  Tin 


Weight  Percentage  Tin 

Fig-.  1.  Silver-tin  equilibrium  diagram  (Marker,  in  l^ane**).  The  gamma  phase  in  this 
diagram,  occupying  the  narrow  area  from  25  Mi  to  27  per  cent  tin,  is  the  intermetallic  compound 
AgaSn.  This  phase  is  stable  at  temperatures  below  450'’C.  The  presence  of  this  phase  in  dental 
amalgam  alloys  is  critical  of  relative  dimensional  stability.  If  the  silver  content  is  too  high 
(the  alloy  contains  too  much  of  the  beta  phase),  the  amalgam  will  show  too  high  expansion. 
If  the  tin  content  is  too  high  (gamma  in  a  matrix  of  tin),  the  amalgam  will  contract  (Sten- 
beck  and  associates’). 


*C  Atomic  Percentage  Mercury 


Weight  Percentage  Mercury 

Fig.  2. — Silver-mercury  equilibrium  diagram  (Llndlief,  in  Mane**).  All  phases  in  this  system 
are  referred  to  with  subscript  1,  e.g.,  beta-1,  fii,  etc. 
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Fig.  3. — Tin-mercury  equilibrium  diagram  (Prytherch,  in  Oayler’).  According  to  this  diagram 
the  delta-2  (^2)  phase  does  not  exist  at  temperatures  above  minus  30°C.  (See  Fig.  4.) 


Fig.  4. — Tin-mercury  equilibrium  diagram,  as  modifled  by  Gayler.*  All  phases  in  the  tin- 
mercury  system  are  referred  to  with  the  subscript  2,  e.g.,  gamma-2  yt,  etc.  Note  the  distinction 
between  a  gamma-2  phase  and  a  delta-2  phase,  even  at  room  temperature. 
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jmre  const  it  uoiits.  Usiii};  x-ray  difiFraction  methods  (Fe-  and  Cr-  Ki-rays)  he^ 
determined  the  intervals  or  concentration  limits  of  several  phases.  Ilis  data 
essentially  confirm  the  earlier  reports,  althoufih  in  his  conclusions  he  disputes 
the  lofjic  of  Oayler’s  theory.  On  the  basis  of  her  data,  as  well  as  his  own,  he 
concludes  that  all  dental  amalfiams  must  he  located  in  the  area  of  the  three 
j)hases,  beta- 1,  ^amma-1,  and  f;amma-2  of  Oayler’s  e(iuilihrium  diagram,  and 


Mercury 

Fig.  5. — .\gjSn  (gaiiuiia) — mercury  equilibrium  diagram  (Gayler*).  This  diagram  is  the 
basis  for  the  setting  theories  set  forth  by  (Jayler  and  Trolano.  Gayler  explains  the  reaction  as 
one  proceeding  from  left  to  right : 

.\giSn  +  Hg  -»  /Si  +  7i 
/Si  +  Trj  -*  ^i  +  •>!  +  li 

Troiano  claims  that  the  reaction  proceeds  from  right  to  left : 

.\g»Sn  +  Hg  ->71  +  61+  .\giSn  (unattacked) 

7i  +  61  +  .XgaSn  (unattacked)  -+  71  +  71  -►  71  +  71  +  fiu 
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that  the  reactions  are  most  likely  to  occur  accordinjr  to  Troiano’s  theory  (from 
right  to  left — Fig.  5). 

With  these  conflicting  theories  in  mind  it  was  decided  to  try  to  identify 
some  of  these  phases  by  studying  the  microstnictnral  changes  and  the  x-ray 
diffraction  patterns  during  and  after  the  setting  of  the  amalgams. 

MATKRIAI,S  AND  METHODS 

Microstructure  and  Dimensional  Chaneje. — The  intermetallic  compound 
AgaSn,*  or  the  gamma  phase  (Fig.  1),  which  is  supposedly  the  main  con¬ 
stituent  of  dental  amalgam  alloys,  was  first  studied. 

According  to  Womer,'  annealing  of  this  material  makes  it  less  responsive 
to  manipulative  variations.  The  microstructural  changes  upon  annealing  for 
eight,  twenty-four,  and  seventy-two  hours  at  425°  C.  in  a  reducing  atmosphere 
are  demonstrated  (Fig.  6).  After  eight  hours  annealing  the  as-cast  material 
has  formed  a  homogeneous  .stnieture,  the  grain  size  of  which  does  not  seem  to 
change  by  further  heat  treatment.  Strader*  reports  similar  results  by  a  240 
hour  annealing  at  400°  C.  Specimens  annealed  for  twenty-four  and  seventy- 
two  hours  exhibit  greater  resistance  to  etching  than  do  the  eight-hour  specimens. 
Microstructural  studies  of  other  silver-tin  phases  are  in  progress. 

In  order  to  study  the  Ag.,Sn  =  mercury  system,  different  avenues  of 
approach  were  taken.  AgsSn,  or  gamma,  unannealed  and  annealed,  was 
milled  and  screened  to  give  different  particle  sizes,  namely  R.  100,  R.  200,  R. 
325,  and  P.  325.  Specimens  were  mixed  using  different  degrees  of  mechanical 
trituration:  undertrituration,  four  seconds;  normal  trituration,  eight  seconds; 
and  overtrituration,  one  hundred  eighty  seconds.  The  conventional  type  of 
specimens  for  dimensional  change  determinations  was  made.  A  small  amount 
of  each  mix  was  mounted  in  self-curing  acrylic  resin  buttons  for  microstructural 
obseiA'ation,  and  the  balance  of  the  material  was  kept  for  x-ray  diffraction. 

Dimensional  change  determinations  were  made  by  means  of  a  comparator 
or  thickness  gauge  with  a  precision  type  dial  indicator.  Graduations  of  2 
microns  permitted  readings  of  dimensional  changes  of  one  half  micron.  All 
twenty-four  hour  dimensional  change  values  turned  out  as  contractions,  the  main 
contraction  occurring  during  the  first  thirty  to  forty-five  minutes.  It  is  believed, 
however,  that  this  was  not  a  true  contraction,  but  partially  a  flow  of  the  amalgam 
due  to  the  slight  pressure  exerted  by  the  indicator.  After  the  initial  contraction 
the  specimens  reacted  normally  so  that  it  was  jmssible  to  compare  the  effect  of 
particle  size,  trituration  time,  etc.,  when  an  othenvise  standardized  technique 
was  employed.  The  data  follow  the  same  trends  as  those  known  for  dental 
amalgam,  only  all  the  curves  are  displaced  below  the  zero  line.  These  results 
indicate  that  the  smaller  the  particle  size,  the  less  the  expansion.  This  is  in 
accordance  with  the  work  of  Jarabak,®  Crowell  and  Phillips,^®  and  Stenbeck.® 
It  also  was  dcmonsti’ated  that  increa.sed  trituration  results  in  smaller  values 
of  expansion,  after  the  initial  contraetion.  Heat, treatment  of  the  ingot  before 
the  particles  were  cut  also  causes  a  decrease  in  this  expansion  (compare 
Worner^).  The  effect  of  heat  treatment  of  the  ingot  on  the  dimensional  change 
is  of  a  much  smaller  magnitude  than  is  the  effect  of  ageing  or  annealing  the 
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Fig.  G. — Photomicrographs  showing.  A,  the  as-cast  AgiSn (gamma)  and  B,  C,  and  I>,  the 
effect  of  annealing  this  material  at  425°C.  in  a  reducing  atmosphere  for  eight,  twenty-four.  an«i 
.seventy-two  hours.  (Magnification  X75. )  Etch:  5  per  cent  KCN.  eie<'trolytioally,  2  volts,  30 
seconds.  After  eight  hours  the  alloy  has  reached  its  final  grain  size  (if).  Prolonged  anneal¬ 
ing  causes  the  alloy  to  be  more  resistant  to  etching  reagents  (C,  I>). 
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cut  particles  at  100°  C.  f«)r  one  hour.  It  will  he  possible  to  check  these  results 
usinjr  interferometer  reailiufjs  so  that  the  data  can  he  directly  compared  with 
those  reported  in  the  literature  on  dental  amaljrams. 

The  microstructural  changes  were  observed  throujfhout  the  setting;  period, 
or  as  lonp:  as  chanfjes  occurred.  Amalfram  was  ])laced  in  a  cavity  in  an  acrylic 
I’esin  block,  and  a  microscope  cover  jilass  was  pressed  down  on  the  specimen 
to  give  a  |)lane  surface.  The  specimen  was  then  observed  and  photographed 
through  the  metallui’gical  microseope.  As  soon  as  the  amalgam  was  hard  enough 
it  was  polished  and  again  jilaced  under  the  microscope.  Different  etching  agents 
were  employed,  and  the  si)ecimens  wei’e  also  observed  in  their  unetched  condition. 


Fig.  7. — Photomicrographs  showing  the  two  phases  formed  by  the  .setting  of  .\g.iSn 
(gamma ) -amalgam.  Light  areas:  gamma-1  phase;  dark  areas;  gamma-2  phase. 

,  Data;  -Annealing  time  for  the  -\gaSn :  72  hours. 

Particle  size:  R.325. 

AgsSn/Hg  ratio:  % 

Trituration  time  :  8  seconds. 

No  expression  of  Hg. 

Mix  was  packed  in  cavity  in  acrylic  resin  button. 

The  specimen  was  f>olished  after  30  minutes. 

L’netched. 

Photomicrographs  were  taken  throughout  the  setting  periotl. 

This  exposure  was  taken  after  22  hours. 


The  eoneliLsion  of  these  observations  is  that  mereurv'  reactetl  with  the  alloy 
(gamma)  jiarticles  to  form  a  matrix  which  consists  of  two  different  phases 
(Fig.  7).  Undissolved  or  appai-ently  unchanged  particles  are  present  in  the 
set  amalgam,  and  if  the  polished  amalgam  surface  is  left  unetched,  crystal 
grow'th  will  occur  on  the  surface  of  the.se  particles  within  a  matter  of  a  few 
hours  (Fig.  8).  This  crystal  growth  was  found  to  continue  as  long  as  the 
expansion  went  on.  Etching  agents  seem  to  inhibit  the  crystal  growth.  The 
crystal  growth  was  first  observed  on  rather  large  particles,  and  the  next  step 
w'as  to  produce  crystal  gmwth  on  a  solid  piece  of  gamma( AgaSn).  This  was 
done  by  exposing  a  block  of  the  Ag^Sn  to  mercury  for  a  month,  after  w’hich  the 
mercury  was  w  iped  off  and  the  specimen  mounted  and  repolished.  It  was  then 
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loft  urnlor  Iho  niiorosoopo,  find  aflor  oiio-half  hour  tho  first  inclioation  of  crystal 
formation  was  observed.  The  sjune  area  was  then  watched  for  a  few  days, 
and  photomierofrraphs  weiT  taken  re>;ularly  (Fi^.  fi).  In  an  attempt  to  identify 
the  crystals  by  their  oriffin,  similar  experiments  are  now  being  performed  with 
pure  silver,  pure  tin,  ami  with  a  series  of  silver-tin  alloys. 

Analysis- -\\\\\\  a  slight  modificati«m  of  the  technicpie  described 
above  it  has  been  possible  to  obtain  crystals  of  the  two  phases  large  enough  for 


FIk.  8. — Phase  forniatiun  and  crystal  growth  on  .\KaSn(Kaiunia )  particle  in  aiiialgain  dur¬ 
ing  setting.  AgjSn.  annealed  fur  twenty-four  hours,  particle  size:  K.  100.  was  luixetl  with 
mercury.  The  specimen  was  polish<‘<l  after  tw*'nty-hve  minutes.  .4,  forty-rtve  minutes  after 
start  of  trituration.  H,  one  huntired  minutes,  C,  six  hours  after  start  of  trituration.  .Areas:  a. 
gamma-1  phase ;  areas :  b,  gamma-‘J  phase.  Crystals  can  be  observed  forming  in  both  phases, 
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siiifflc  crystril  x-ray  (*xainiiiation  10).  The  crystal  ])attern  of  the  type 

oecurriufT  most  ahumlantly  has  disclosed  a  eohie  structure  of  the  tramnia-l  phase 
(Fig.  11).  The  ])at1eni  Avas  obtained  with  a  camera  of  b  cm.  ra<lius,  using 
Copi»er  K  fr-radiation  (l.bllJlA).  The  lattice  constant  was  fonnd  to  be  O.OSA. 


o.  D.  E. 

Kig.  9. — I'tiutogrHpliM  A,  IS,  ami  V  (same  Held,  same  maKnlHcutiun)  show  the  surface 
changes  on  a  solid  piece  of  Ag>Sn( gamma),  exposed  to  mercury  for  one  month,  then  repulished. 
A,  one  hour;  H,  ten  hours;  C,  thirty-two  hours  after  polishing.  At  O  the  changes  along  a 
grain  boundary  may  be  observed.  Crystal  growth  Is  seen  most  clearly  at  H.  D  shows  loca¬ 
tion  of  area  T  on  same  specimen,  and  E  sliows  area  T  in  high  magniflcation,  with  distinct 
crystals.  (A,  B,  C,  E,  X700:  D,  X400.) 
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An  invosliKalion  is  in  proffross  to  identify  other  crystal  types  (Fig.  10)  in  an 
effort  of  determining  the  presence  of  the  fjamina-2  and  the  lM*ta-l  phases. 

X-ray  diffraction  examinations  using  the  pow«ler  metiuKl  with  a  Dehye- 
Sherrer  camera  of  57. d  mm.  radius  ((’ojiper  K  a-rn<liation )  have  also  been 
employed.  Alloys  of  silver  ami  tin,  when  mixed  with  mercury  in  concentrations 
near  that  of  dental  amalgam,  invariably  give  powder  patterns  containing  the 
lines  of  gamma,  gamma-1,  and  gamma-2.  According  to  (Jayler  the  beta-1  phase 
should  occur  at  early  stages  of  the  w'tting  reaction.  So  far  it  has  not  been  y)os- 


'.i. 


B. 

Fig.  10. — Crystal  growth  on  solid  pieivs  of  silver-tin  alloys,  .t  ;  60  per  eent  silver.  tO 
per  cent  tin  (gamma  particles  in  a  tin  matrix).  B:  73.15  per  eent  silver.  26.85  per  cent  tin 
(pure  AgiSn[gamma] ).  The  alloy  surfaces  were  expost‘d  to  mercury  for  three  weeks,  then 
all  mercury  was  removed  (blown  off  with  compresst'd  air.  after  which  the  alloy  surfaces  were 
scrubbed  with  soap).  ( Magnifleation,  X8. )  Crystals  from  these  surfaces  were  used  for 
single  crystal  examination. 
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sihle  to  produce  this  phase  in  this  study.  Amalgams  made  up  of  ^jamma  and 
mercury  invariably  fiive  frainma  lines,  framma-1  lines,  and  j;amma-2  lines.  At¬ 
tempts  have  been  made  to  produce  pure  beta-1  from  the  constituents  (silver 
and  mercury),  and  ajjain  the  fiamma-l  lines  appear.  The  evidence  that  has 
been  obtained  so  far,  therefore,  indicates  that  Troiam/  is  correct  as  far  as  the 
direction  of  the  settint;  reaction  is  concerned.  If  beta-1  is  formed,  it  certainly 
is  not  at  the  early  stafjes  of  the  settiiif;  reaction  as  claimed  by  Oayler.  Troiano 
reports  that  he  obtained  the  beta-1  pha.se  after  twelve  weeks  annealing  plus 
cold  work,  and  his  experiment  is  now  lieing  reproduced. 


Fig.  12. — Photomicrographs  of  unetched  tin-mercury  alloys.  .4,  pure  tin;  B,  ganuiia-2;  C 
gamma-2  with  excess  mercury,  mainly  located  along  the  grain  boundaries. 
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As  mentioned  before,  the  other  phase  found  in  this  investipration  by  x-ray 
diffraetion  methods  is  the  samma-2  phase.  However,  Troiano  and  Stenbeck 
elaim  that  a  delta-2  jdiase  is  formed,  and  Troiano  reports  three  lines  which 
he  attributes  to  this  phase. 

In  order  to  study  this  part  of  Troiano *s  settiii}?  theory  the  different  phases 
of  the  tin-mereury  system  (Fi}rs.  3  and  4)  were  made  up  and  examined  for 


Fig.  13. — X-ray  diffraction  patterns  A,  pure  tin;  B,  C.  and  D,  tin-mercury  alloys  with 
5,  10,  and  15  per  cent  mercury;  E,  AgiSn-mercury  alloy:  and  F,  gamma-1  phase  (silver-mer¬ 
cury  system,  AgjHgi).  All  lines  in  E  can  be  accounted  for  from  D  or  F. 


their  microstructure  (Fig.  12)  and  their  x-ray  diffraction  patterns  were  taken. 
Xo  delta-2  phase  appeared.  The  alpha-2  phase  (pure  tin),  the  alpha-2  plus 
gamma-2,  and  the  pure  gamma-2  phase  could  be  identified  by  both  methods, 
but  no  delta-2.  The  three  lines  reported  by  Troiano  as  delta-2  lines  were  found, 
but  they  Oo*cur  in  all  gamma-2  jiattems  and  they  fit  in  perfectly  in  the  gamma-2 
system,  so  it  seems  that,  since  all  the  lines  occurring  can  be  accounted  for  as 
gamma-2  lines,  there  is  no  evidence  of  a  delta-2  phase  being  formed.  This 
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(‘(tiiclusioTi  is  in  nffreoinent  willi  the  •liscnssinn  nf  Troiano’s  paper  by  (layler  and 
Wainwrifrlit.”  A  series  of  x-ray  diffraetion  patterns  obtained  from  various 
tin-inereury  alloys  and  from  the  ‘iainnia-1  ])hase  (silver-nierenry  system.  Fig.  2) 
is  sliown  on  Fifj.  Lb  For  eomparison  a  i)attern  of  a  ‘raiiima  ( Aj^sSn) -mercury 


Fig.  14. — Diffraction  data  obtained  by  .‘spectrometer.  The  rate  of  formation  and  the 
change  of  intensity  of  the  phases  is  demonstrated.  The  traces  used  for  this  illustration  were 
.selected  from  a  series  of  systematic  scannings  over  the  interval  from  24  =  39  degrees  to 
2#  =  29  degrees.  Alloy/mercury  ratio  for  this  specimen;  4/6 — no  mercur>'  expressed. 


amalgam  is  inserted  between  the  patterns  of  gamma-2  and  gamma-l.  All  lines 
in  the  former  jiattern  can  be  accounted  for  from  one  of  the  two  latter. 

A  series  of  x-ray  diffraction  examinations  were  obtaineii  on  a  recording 
type  spectrometer  starting  at  very  early  stages  of  the  setting  reaction.*  This 

•Studies  of  the  effect  of  particle  size  and  trituration  time  on  rate  of  formation  and  change 
of  intensity  of  the  gamma-1  and  gamma-2  phases  were  submitted  by  Mr.  Moffett  as  partial  ful- 
flllment  of  the  requirements  for  the  degree  of  Master  of  Science. 
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method,  when  eomliined  with  eoiiventioiml  x-rjiy  difl'raetion  methods  indiente 
the  ehansre  of  intt'nsity  and  rate  of  formation  of  the  different  phases  dnrin^i: 
the  settinjr  period  (Fifr.  14).  The  speetrometer  data  sliow  eonelusively  tliat 
the  orijrinal  alloy  (i.e..  framma)  is  j>resent  even  after  oveilrituration  of  very 
tine  particles  with  excess  mercury  ((10  imm*  cent)  and  with  no  expression  of 
mercury  from  the  mix.  Fnder  such  conditions  the  intensity  of  the  lamina  phase 
went  down  until  the  phase  was  no  lonjrer  detectable  after  threi*  to  tive  hours. 
This  findinjr  is  in  disasiwinent  with  (layler's  and  Sleid)eck*s  results  hut  in 
accordance  with  Troiano's  work.  Less  trituration  or  coarser  pailicU's  or  less 
mercury  present  increased  the  initial  intensity,  and  decreased  the  rate  of  change. 


(+325  -  8  seooDde) 

Fig.  15. — fJrapliic  illustration  of  dimensional  change  and  change  of  intensity  of  gamma-1 
and  gamma-2  phases,  plotted  against  time.  The  intensities  were  measured  directly  from  the 
spectrometer  traces  some  of  which  appeared  in  Fig.  14.  The  gamma-2  phase  seems  to  form 
a  little  later  than  the  gamma-1  phase.  The  intensity  of  the  former  is  low  at  the  early  stages 
but  finally  reaches  higher  values  than  the  intensity  of  the  latter.  .\g3Sn/Hg  ratio:  4/6 — no 
mercury  expres.sed. 

The  gamma-1  phase  which  is  the  intermetallic  compound  AgaHga,  lusted 
in  the  A.S.T.M.  card  index  as  ]\Ioschellandsbergite,  appears  first,  approximately 
five  to  fifteen  minutes  after  the  start  of  the  trituration,  and  it  reaches  its 
maximum  or  total  intensity  within  twenty-four  to  forty-eight  hours,  the  rate 
of  formation  again  deiiending  on  the  particle  size  of  the  alloy,  the  trituration 
time,  etc.  (layler  designates  this  phase  by  the  symbol  Ag4Hg5,  whereas  Stenbeek 
suggests  the  formula  AgjHg,,,  The  data  obtained  in  this  investigation  by  the 
powder  method,  by  the  .spectrometer,  and  by  the  single  crystal  method  are  all 
in  agreement  with  one  another  and  with  the  data  listed  in  the  A.S.T.M.  index 
for  the  eubic  structure  Agallga,  known  as  Moschellandsbergite. 

The  gamma-2  phase  develops  slower  than  the  gamma-1  phase  in  the  early 
stages  (Fig.  15).  Its  formation  is  regulated  by  the  same  factors  as  those  men¬ 
tioned  for  gamma-1.  The  effect  of  expression  of  mercury  immediately  after 
the  trituration  is  much  more  pronounced  than  observed  for  gamma-1. 
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tON(’l.rSM»N'K 

1.  KiKlit  liours  nnnciilinff  ol'  tin*  iTitcrnirtHirH*  (‘oin|»<*nnd  A>fsf^n(jfarnma) 
at  425°  (\  in  a  rcMlucini;  }itiiH)S|>ln*rc  causns  the  formation  of  a  homojcenpons 
stniclutv,  tlip  jrrain  si/c  of  wliirli  <1och  not  rliatifjc  l»y  furtlmr  heat  treatment. 
If  exposed  to  annealing;  for  twenty-four  or  seventy-two  hours  the  material  ex¬ 
hibits  a  Rfeater  resistanee  to  etehiuK. 

2.  The  dimetisional  ehanjie  <4’  Ajf:,Sn-amaljram  is  influeneed  hy  the  same 
manipulative  faetors  that  are  kintwn  to  influetiee  the  dimensional  ehanj?e  of 
dental  amalgam,  and  in  the  same  general  direetion. 

d.  Mercury  reacts  with  Ak.iI^h  (iiramma )  particles  to  form  a  matrix  eonsist- 
in>;  of  a  eiystalline  silver-mercury  phase,  identified  as  A^alltfs,  or  Kanima-1, 
ami  a  et’ystalline  tin-mereury  phas»-,  identified  as  the  hexa«ronal  j;amma-2  |)hase. 

4.  The  rate  of  formation  of  thes<*  phases  is  influeneed  hy  mereury /alloy 
rafio,  partiele  size,  and  trituration  time.  I'iXpression  of  merejiry  immediately 
after  the  tritiiration  cuts  «h)wn  the  rate  of  formati<*n  and  the  final  intensity, 
particularly  of  the  framma-2  lines. 

5.  The  ])hases  formed  hy  the  reaetiem  between  the  AgsSn  and  mereurj' 
have  been  i)rodueed  as  lar^e  crystals  on  solid  alloy  surfaces.  The  ?amma-l 
crystals  have  been  i<lentifi(‘d  by  sinjjle  crystal  x-ray  examination. 

6.  The  evidence  of  the  delta-2  phase  at  early  stages  of  the  settinj;  reaction, 
as  claimed  by  Troiano  and  Stenbeck,  is  disputed. 

7.  The  use  of  a  recor<lin«r  tyj)e  x-ray  spectrometer  for  examination  of  rate 
of  formation  and  comj)arison  of  intensities  of  the  phases  formed  durin"  the 
settinj;  reaction  is  reporte<l  and  n-cominended  for  further  studies. 
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AUTORADKH^KAPHIC  VISUALIZATION  OF  IN  VITRO  EX(^IIANOK  IN 
TEETH,  HONES,  AND  OTHER  TISSUES,  UNDER  VARIOUS 
(CONDITIONS 

LKOXAKD  F.  Hfil.ANlJKK 

Ih partment  of  Hifitotogy  an^  Embryology,  University  of  Ottawa,  Vanada 

AUTORADIOORAI’IIU’  studies  in  which  the  tracer  has  been  administered 
in  vivo*-’’  have  revealed  an  initial  ra|)id,  dift'nse  ])enet ration  of  the  radio- 
element  to  all  parts  of  yonnu  mineralizinfj  tissues.  This  reaction,  interpreted 
to  be  the  result  of  exchaufie,  disapt>ears  when  the  specific  activity  of  the  blood 
decreases  and  it  is  replaced  by  definite.  ])ersistent  reactions,  in  the  form  of  bands, 
some  of  which  are  displaced  throui^h  continuous  growth.  These  areas  were 
interjireted  as  belnjr  representative  of  formative  centers  (areas  of  incorporation 
of  minerals). 

On  the  other  hand,  Newman  and  Muliyan'’  and  Un<h>rwood  and  Hodfre* 
have  i*ecently  demonstrated  the  j)henomcnon  of  in  vitro  exchange  between 
l>owdemI  bone,  dentin,  and  enamel  on  tbe  one  hand  and  solutions  containin*; 
1*32  or  Ua45  on  the  other.  Furthermore,  these  authors  have  established  dif¬ 
ferences  hetween  the  exchange  behavior  of  ashed  hone  and  «lentin  as  compared 
with  powdered  fresh  bone  and  dentin. 

In  order  to  verify  the  value  of  the  i)hysical  exchanj;e  concept,  .sections  of 
Imnes  and  teeth  have  been  jdaced  in  radioactive  solutions  and  autoradiofnams 
have  been  obtained.  Youn<r  and  old  tissues  were  examined,  as  well  as  patholo}ric 
material  (carious  teeth,  calcified  arteries  and  cartilage,  bone  tumors,  and  bone 
implants).  Teeth  treated  with  hyaluronidase  were  also  studied. 

MATERI.VLS  AND  TECHNICS 

All  tissues  were  fixed  in  the  following  mixture:  fCormaldehyde,  neutralized 
over  an  excess  of  magnesium  carbonate — 1  part  and  per  cent  alcohol — 3  parts. 
This  fixative  havin"  a  pH  of  7.8  to  8.0  retains  well  the  mineral  salts  and 
yet  gives  a  good  histologic  picture.'^  They  were  then  dehydratal  in  graded 
alcohols  and  embedded  in  either  low  viscosity  nitrocellulose  or  thermosetting 
polyester  resin, ^  deiiending  on  their  actual  hardness.  They  were  then  cut  on 
the  celloidin  microtome  at  thicknes.ses  of  12  to  14  p.  or  ground  mechanically 
to  a  thickness  of  le.ss  than  2")  p.  The  sections  were  mounted  on  glass  slides  and 
hydrated.  They  were  then  placed  for  periods  of  four  to  twenty-four  hours,  at 
room  temperature,  in  buffer  solutions  at  jilI  7.6  containing  approximately  1 
millicurie  of  1*3^,  ('a4.'i,  or  S.,.,.  The  sections  were  rinsed  in  several  changes  of 
distilled  water,  and  dehy<lrated  progressively  in  80  per  cent,  95  jier  cent,  and 
absolute  alcohol.  They  were  then  covered  with  a  thin  coat  of  celloidin  by 
dipping  in  a  1  per  cent  solution  in  alcohol-ether.  When  dry,  the  sections  were 
either  coated  with  fluid  photographic  emulsion,*’  *■  *  or  placed  in  intimate 

R«a<l.  In  part,  at  the  Third  Annual  Meeting  of  the  Hlstochemical  Society,  New  York, 
N.  Y.,  April  18,  1952. 

This  work  was  done  with  the  aasintance  of  a  grant-in-aid  from  the  Advisory  Committee 
on  Medical  Research  of  the  National  Research  Council  of  Canada. 

Received  for  publication,  July  26,  1952. 


168 


Volume  n  IN  VITHO  KXCIIANGK  IN  TKKTH,  HONKH,  AND  OTDKK  TIRHUEH  Ifiq 

Numlieri  ’  ' 

coTitact  with  a  atrip  of  Kodak  hi>;h  contrast  positive  film,  by  binding  both 
lietwccn  two  jjlass  plates  with  cellulose  tape."  The  preparations  were  exposed 
in  the  dark  at  4°  (’.  ami  then  developed,  rinse«l,  fixed,  washed,  and  dried  in  the 
routine  fashion.** " 

Normal  tjrowioK  hones  and  teeth  were  taken  from  younj?  ami  adult  hamsters, 
and  youn>r  and  adult  rats.  Calcified  eartilajic  of  the  trachea,  calcified  arteries, 
a  hone  tumor  (osteogenic  sarcoma  ),  and  teeth  in  various  comlitions  were  obtained 
from  human  sources.  A  sidicutaneous  lame  implant  in  a  chicken  was  obtained 
a?id  (Munpared  with  the  normal  hones  »d‘  the  grafted  animal.  Sections  of  normal 
human  molai*s  were  incubated  in  a  solution  at  pll  7.fi  of  O.l  per  cent  testicidar 
hyalurotiidasi*  at  37°  C.  for  periods  ran^in^  fnmi  one  to  six  hours  and  their 
exchaiiMic  |)attcrn  was  compare<l  to  that  of  sections  incubated  for  the  same  period 
in  a  huft’er  solution  containinj;  no  enzymes. 

OI?.SKKVATI().\S 

Hones. —  In  the  younn  hone  (Fif?.  1)  radioactive  jihosphorus  has  penetrated 
to  all  mineralized  parts,  {fivinfr  a  picture  comparable  to  that  of  early  intake  in 
vivo  ami  also  comjiarahle  to  that  of  the  silver  nitrate  Kossa  teehnie  for  total 
mineral  detection.  In  ohler  hone  ( Fit;.  -),  there  is  a  rej?ional  difference  in 
intake:  the  ari'as  of  recent  formation  such  as  the  vicinity  of  the  epiphyseal 
jilatcs  show  more  intense  authoradio};raphic  pictures  than  the  older,  compact 
diaiihyscs.  In  the  lM)ne  tumor,  the  areas  of  new  osteogenic  >;rowth  also  showed 
a  larfjre  intake  of  I*;, 2  as  compared  to  the  surroundinsf  normal  Inme.  In  the 
grafted  hone,  new  growth  took  place  at  the  jieriphery  of  the  imjilanted  specimen 
and  these  areas  of  young  Imuic  showed  an  intense  reaction  as  compared  to  the 
substance  of  the  imjilanted  Isme.  This,  in  turn,  demonstrated  a  larger  intake 
than  the  similar  hone  in  situ  and  consequently  was  more  mature  and  advanced 
in  differentiation. 

Otoliths. — In  a  group  of  celloidin  sections  from  an  s-day-old  rat,  the  otoliths 
were  well  preserved.  They  exhibited  a  weak  Kos.sa  reaction  but  they  stained 
strongly  with  the  potassium  ferricyanide-iron  chloride  reaction  for  calcium.*" 
Kxchange  autoradiograms  with  Paz  were  negative  at  the  level  of  these  otoliths, 
while  the  pictures  obtained  after  Ca43  exchange  were  weakly  positive. 

Calcified  Cartilage  and  Arteries. — f’alcified  lesions  of  the  tracheal  cartilage 
and  medial  calcifications  of  muscular  arteries  in  the  human  being  showed  the 
same  type  of  pattern  in  the  autoradiographic  demonstration  of  Pj-  exchange. 
The  young  lesions  as  well  as  the  periphery  of  the  older  lesions  exchange^! 
readily,  while  the  more  inten.sively  mineralizetl  areas  gave  little  or  no  evidence 
of  exchange. 

Teeth. — Young,  unerupted  teeth  of  rats  and  hamsters  showeil  pictures  of 
in  vitro  exchange  comparable  to  that  of  initial  in  vivo  intake.  The  dentin  ex¬ 
changed  far  more  than  the  enamel,  which  demonstrated  a  progressively  decreas¬ 
ing  intake  from  the  dentiiuHMiamel  junction  outwanl.  In  older  teeth,  the  older 
portion  of  dentin  near  the  dentinoenamel  junction  exchanged  less  than  the 
younger  tis.sue.  The  lower  incisor  of  an  adult  rat  (Fig.  3)  exhibited  markeil 
differences  between  the  exchange  pattern  of  dentin,  enamel,  and  the  adjoining 
jawlxme.  The  dentin  was  the  mo.st  strongly  reactive  and  showeil  a  decrease 


1. — KxcliiinK‘‘  autoradiotfraiuM  of  a  sootion  of  tibia  in  a  10-day-old  rat  (25  grams). 
<I*«.  x<.25.» 

•*'iK.  2. — lOxcliange  autoradiograni  of  a  ground  section  of  tibia  in  an  80  gram  rat.  (Pjs. 
X4.25.) 

Kig.  ;i. — ■■Ixcliango  autoradii>Kram  of  tin-  lo\v»-r  Jaw  of  an  adult  rat  (130  grams).  (Pas, 
X3.8. )  N'oti<'e  largo  intako  by  dentin  an«l  deoreasing  intake  of  enamel  towanl  crown  in  the 
inciiujr. 

^  Kig.  4. — Kxchange  autoradiogram  of  a  ground  section  of  an  adult  human  molar.  (Cau. 
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from  the  young  region  of  the  root  to  the  ohler  erown  portion.  Tlie  reaetion  in 
the  enamel  progressively  decreased  toward  the  erown  and  ilisappeared  before 
reaching  the  erupted  iiortion.  The  reaetion  in  the  jawbone  was  minimal  and 
seen  only  in  the  peripheral  regions  of  recent  growth. 

Normal  human  teeth  exhibited  regional  differenees  of  intake  ( h’igs.  4,  5,  7, 
!)).  Young,  deciduous  teeth  (Fig.  !I)  showed  a  strong  reaetion  over  the  eemen- 
tum  and  a  lesser  <liffuse  reaetion  over  the  dentin  with  a  sudden  increase  near 
the  pulpal  border.  No  reaetion  was  visible  over  tbe  enamel.  In  the  dentin  of 
adult  teeth  (Figs.  4,  b,  7,  14),  a  strong  reaetion  was  seen  near  the  pulp  border. 
This  reaetion  decreased  progressively  and  disappeared  at  a  great  distance  from 
the  outer  border.  The  eementum  reacted  more  strongly  than  dentin  and  more 
uniformly  except  in  the  outer  jiortions  where  a  larger  intake  was  seen  over 
the  newer  lamellae. 

The  enamel  exhibited  a  different  and  intriguing  pattern  of  exchange  in 
various  teeth.  In  general,  the  oidy  areas  (»f  reaction  in  normal  enamel  were 
located  at  or  near  the  surface.  Some  teeth,  however  (Fig.  7),  showed  a  large 
caplike  area  of  intake  near  the  dentinoenamel  junction.  Microradiograms  of 
such  sections  were  made  (Figs.  6  and  8)  in  order  to  recognize  differences  in 
radiopaeity,  as.sumed  to  be  proportional  to  the  mineralizatiim.  In  these  micro- 
radiograms,  a  progressive  radiopaeity  was  recognized  from  eementum,  to  dentin, 
to  enamel  (Fig.  8).  Differences  of  nuliopacity  also  marked  the  dentinal  tubules, 
the  interlamellar  substance  of  eementum,  and  the  lacunae  and  canaliculi.  Some 
peripheral  regions  of  the  enamel  w'ere  less  radiopaque  and  have  shown,  at  the 
same  time,  a  greater  exchange  autoradiogram.  No  differences,  however,  were 
visible  in  the  mieroradiogram  of  the  enamel  near  the  dentinoenamel  junction. 

The  sections  themselves,  nevertheless,  were  different  in  microscopic  appear¬ 
ance.  The  regions  of  teeth  showing  the  caplike  autoradiograms  (Fig.  7)  near 
the  dentinoenamel  junction  showed  a  striated  pattern  (lines  of  Schreger  i  and 
were  more  transparent  than  the  nonexchangeable  portion.  This  appearance  is 
that  of  immature  or  transitional  enamel  which,  although  highly  mineralized 
(Fig.  8),  as  compared  to  dentin  and  eementum,  contains  more  organic  con¬ 
stituents  than  mature  enamel. 

H yaluronidase  Incubation. — The  autoradiograms  in  Figs.  10  and  11  are 
from  sections  incubated,  respectively,  one  hour  and  six  hours  in  hyaluronidase 
previous  to  in  vitro  exchange.  These  preparations  have  shown  a  much  greater 
and  diffuse  intake  as  exhibited  by  autoradiography  and  Geiger  counts.  After 
one  hour  (Fig.  10)  the  peripulpar  image  is  less  sharp  than  in  the  normal  teeth 
(Figs.  5,  7,  9,  and  14)  and  there  is  a  diffuse  reaction  progressing  outward. 
After  six  hours  (Fig.  11)  these  phenomena  are  greatly  exaggerated. 

In  order  to  recognize  w'hether  these  differences  were  caused  by  a  greater 
diffusion  of  the  radioelement,  due  to  the  partial  hydrolysis  of  the  organic  bind¬ 
ing  substance,  sections  similarly  treated  were  stained  wdth  0.5  per  cent  aqueous 
toluidine  blue.  The  dye  pattern  (Figs.  12  and  18)  is  quite  comparable  to  the 
autoradiographic  exchange  picture.  In  the  hyaluronidase-treateil  section  ( Fig. 
13)  there  has  been  a  diffu.se  penetration  of  the  stain  in  the  dentin.  I'nder  high 
l>ow’er  of  the  microscope  it  has  appeared  localized  to  the  Imrder  of  all  dentinal 
tubules. 
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KIk.  ft. — KxchanK*'  autorailioKraiii  of  a  section  of  an  adult  human  molar.  (Pm. 

Xi.‘~5.)  There  la  no  exchanse  over  the  enamel. 

KIk.  <>• — MicroradloKram  of  the  same  tooth. 

KIk-  7. — Kxchange  autorailloKiam  of  another  human  molar  (from  a  Kiri  18  years  of  age). 
Notice  various  regions  of  exchange  in  the  enamel.  (Pji,  ) 

Kig.  8. — Microraillogram  of  Klg.  7.  Notice  two  regions  of  rarefaction  near  the  sur¬ 
face  of  the  enamel. 
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Fik-  9- — ICxchango  autura<liuK>'Hin  from  a  K>'i>un<l  ata-tiun  of  a  deciduous  liunian  incisor. 
(Psi,  X4.25. ) 

Fig.  10. — Kxcliang»-  autoradiogram  from  a  ground  section  of  a  dtadduous  liuman  incisor, 
preincubated  for  one  hour  at  37*  C.  in  •».!  per  cent  t«‘sticular  liyaluronidase  buffered  at  pH 
7.6.  (P.:.  X4.25.  > 

Fig.  11. — Kxcliange  autoradiogram  from  a  grouinl  section  of  an  adult  human  molar, 
preincubateri  in  hyaluroni<lase  for  6  hours.  I  l‘>3,  X-t-^G. ) 

Fig.  12. — <lround  section  of  a  carious  human  tooth  staine<i  with  0.5  p«'r  cent  toluidine 
blue.  Stain  lias  taken  in  vicinity  of  lesion  but  little  is  seen  over  rest  of  dentin.  lairge 
squarish  mass  on  upper  left  side  is  an  amalgam  restoration.  (X4.25.) 

Fig.  13. — (Iround  section  from  similar  carious  tootli,  incubated  in  liyaluronidase  before 
staining.  Notice  inarkeil  penetration  of  tlie  stain  in  lientln  and  cementuni.  (X4.25. ) 
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Carious  Teeth. — Carious  teeth  showed  differences  in  exchange  related  to 
the  extent  of  the  lesion.  When  the  lesion  was  restricted  to  the  enamel  (Fig.  14) 
there  was  a  localized  exaggerated  exchange  in  the  carious  portion,  correspond¬ 
ing  to  a  decrease  in  mineral  salts  demonstrated  by  the  mieroradiogram.  No 
difference  in  the  api)earance  of  other  parts  of  the  tooth  was  noted.  In  the  case 
of  small  carious  lesions  involving  dentin  (Fig.  15),  there  was  an  increased 
exchange  in  the  immediate  vicinity  of  the  lesion.  In  the  case  of  carious  lesions 
involving  most  of  the  crown  (Fig.  16),  a  large  generalized  increa.se  in  exchange 
was  visible  over  all  of  the  remaining  dentin. 


Fig-.  14. — Exchange  autoradiogram  from  section  of  adult  human  molar  -with  a  carious 
lesion  of  the  enamel.  Notice  exchange  reaction  at  site  of  lesion.  Parallel  striations  over 
dentin  are  artefacts  due  to  grinding  operations.  (X4.25.) 

Fig.  15. — Exchange  autoradiogram  from  adult  human  canine  tooth  section.  Notice 
large  exchange  near  lateral  carious  lesion  of  dentin.  (Cats,  X4.25. ) 

Fig.  16. — Exchange  autoradiogram  from  section  of  adult  human  molar.  Generalized 
exchange  reaction.  (Pji,  X4.25.) 


Sss  Exchange. — Exchange  reactions  with  radioactive  sulfur  will  be  described 
at  a  later  date.  Preliminary  experiments  have  revealed  a  pattern  of  distribu¬ 
tion  quite  comparable  to  that  of  !*;«  and  Ca4r„  with  possibly  a  more  diffuse  image 
in  dentin,  under  eoiiqiarable  conditions.  A  definite  increase  of  S.,;-,  exchange  has 
l>een  seen  in  the  immediate  vicinity  of  carious  lesions  of  the  dentin  and  also 
along  the  dead  tracks  of  exposed  dentin,^® 
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DISCUSSION  AND  CONCLUSIONS 

It  appears  evident  that  the  autoradiograms  presently  reported  (Figs.  1-5, 
7,  9,  10,  11,  14,  15,  and  16)  and  described  have  been  produced  by  radioelements 
which  have  become  part  of  the  histologic  sections  through  the  process  of  physi¬ 
cal  exchange.  Artefacts  due  to  the  grinding  operations  are  easily  detected  in 
form  of  parallel  streaks  when  they  are  present.  The  possibility  of  artefacts  of 
chemical  nature  have  been  ruled  out  in  previous  use  of  the  autoradiographic 
technic.^’  *’  ®  On  the  other  hand,  in  order  to  confirm  the  fact  that  ex¬ 

change  took  place  with  the  mineral  constituents  of  the  section  mainly,  a  series 
of  experiments  was  made  in  which  a  mineral  precipitate  w'as  first  formed  in  sec¬ 
tions  of  intestine,  kidney,  and  other  organs  by  incubating  such  sections  in  the 
(lomori  glycerophosphate  mixture  at  pH  9.4.®’“  These  .sections  were  then 
washed  several  times  in  distilled  water  and  immersed  in  the  buffered  solution  of 
P32  or  Ca45  like  the  sections  of  bones  and  teeth.  Autoradiograms  obtained  from 
such  sections  gave  a  pattern  identical  to  that  of  alkaline  phosphatase  distribution 
while  the  controls  were  negative  after  a  similar  exposure  of  a  few  days. 

Comparing  the  resu’ts  obtained  with  all  lx)nes,  teeth,  calcified  cartilages, 
and  arteries,  it  is  evident  that  exchange  takes  place  at  a  faster  rate  in  areas  of 
recent  mineralization  (Figs.  1,  3,  4,  5,  7,  9,  and  14)  rather  than  in  older  tissues. 
In  other  words,  exchange  in  tissues  is  greater  in  areas  of  lesser  mineralization. 
This  phenomenon  has  been  reported  by  Volker  and  Sognnaes,^®  and  by  Leblond, 
Wilkinson,  Belanger  and  Robichon,®  who  have  recognized  in  animals  sacrificed 
a  few  hours  after  administration  of  radiophosphorus,  a  greater  intake  in  young 
tissues  as  compared  to  older  ones. 

Two  explanations  can  be  given  for  this  apparent  incongruity.  It  can  be 
assumed  that  in  older  tissues,  the  size,  shape,  and  mutual  arrangement  of  the 
crystals  would  be  such  as  to  interfere  with  surface  exchange.  On  the  other 
hand,  changes  may  have  taken  place  in  the  organic  portion  of  the  tissue  so  as 
to  make  it  less  permeable  to  the  radioactive  solution.  Recently,  Newman  and 
Mulryan,®  after  in  vitro  experiments  with  bone,  and  also  Underw’ood  and  Hodge, ^ 
after  in  vitro  experiments  w’ith  dentin,  have  shown  that  fresh  powdered  bone 
and  dentin  exchange  at  a  different  rate  than  ashed  bone  and  dentin.  If  inter¬ 
ference  from  the  organic  constituents  of  bone  is  envisaged,  it  may  be  ascribed 
in  part  to  the  mucopolysaccharides  detected  in  dentin  by  Wislocki,  Singer,  and 
Waldo“  and  by  Wislocki  and  Sognnaes.^^  The  results  of  preincubation  with 
hyaluronidase  (Figs.  10  and  11)  are  apparent  in  autoradiograms  and  stained 
preparations.  The  “spreading  factor”  operates  well  in  dentin,  cementum,  and 
bone,  confirming  the  presence  of  mucopolysaccharides  susceptible  to  hyaluroni¬ 
dase  hydrolysis  in  all  of  these  tis.sues.  In  the  tissues  represented  in  Figs.  12 
and  13  the  differences  in  staining  are  due  to  partial  hydrolysis  of  the  mucopoly- 
sjiccharides.  Dentin,  cementum,  and  bone  have  stained  metachromatically  after¬ 
ward  because  the  remaining  polysaccharides  are  now  reached  by  the  more 
easily  diffusing  dye  ions. 

The  differences  detected  in  relationship  to  caries  show  a  progressively  in¬ 
creasing  change  in  the  substance  of  the  dentin  in  the  vicinity  and  away  from  the 
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lesion.  These  changes  can  be  explained  partly  by  progressive  demineralization 
but  some  organic  changes  such  as  reported  now  are  also  probably  involved. 

Exchange  reactions  with  S35  indicate  a  participation  of  sulfur  compounds 
in  the  mechanism  of  caries.  Sognnaes  and  Wislocki^®  have  already  recognized 
the  relationship  between  demineralization  and  loss  of  the  metachromatic  reaction 
in  carious  lesions  of  dentin.  In  the  enamel,  they  have  also  obtained  positive 
histochemieal  reactions  for  sulfhydryl  groups  and  keratin. 

SUMMARY 

1.  Autoradiograms  of  in  vitro  exchanged  P32,  Ca45,  and  S35  in  teeth  and 
bones  have  been  obtained. 

2.  Exchange  behavior  of  young  bones  and  teeth  in  vitro  is  comparable  to 
the  early  autoradiographic  patterns  after  injections  of  P32  or  Ca45  in  vivo. 

3.  Young  normal  tissues  exchange  at  a  greater  rate  than  older  tissues. 

4.  Areas  of  new  growth  in  a  bone  tumor  and  around  a  bone  graft  exchange 
more  than  normal  bone. 

5.  Recent  calcified  lesions  of  hyaline  cartilage  and  muscular  arteries  ex¬ 
change  at  a  higher  rate  than  older  lesions. 

6.  In  adult  human  teeth,  cementum  exchanges  more  than  dentin.  Dentin 
exchanges  more  than  enamel. 

7.  In  the  enamel  of  certain  adult  human  teeth,  caplike  regions  proximal  to 
the  dentinoenamel  junction  exchange  heavily  but  show'  no  difference  in  radio- 
pacity. 

8.  Following  hyaluronidase  incubation,  there  is  a  progressive  increase  in 
exchange  over  dentin. 

9.  The  process  of  dentinal  caries  is  accompanied  b,v  progressively  increased 

exchange  in  the  dentin  of  the  diseased  tooth.  , 

10.  P32,  Ca43,  and  S35  exchange  at  a  great  rate  in  the  vicinity  of  carious 
lesions. 

The  author  is  indebted  to  Dr.  F.  Bohatirehuk  of  the  Department  of  Anatomy  for 
the  microradiograms  made  by  his  original  technic;  also  to  Drs.  .Tames  Coupland,  Harold 
Beach,  Desmond  Magner,  and  B.  B.  Migicovsky  for  material.  The  radioisotopes  were 
provided  by  the  N.  R.  C.  e.«tablishment  at  Chalk  River,  Ontario. 
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THE  EFFECT  OF  X-RAY  IRRADIATION  UPON  THE  MANDIBLES  OF 
OUiNEA  PIGS  TREATED  WITH  LARGE  AND  SMALL  DOSES  OF 

ASCORBIC  ACID 
VIKTORS  KALNINS 

Institute  of  Radiopathology,  King  Gmtav  F’s  Jubilee  Clinic,  Stockholm,  Sweden 

IT  HAS  been  found  that  some  substances  are  able  to  reduce  the  susceptibility 
of  animals  to  total  body  irradiation.®’  On  the  other  hand, 

acidosis,®*  fatigue,®®  lack  of  protein*^  or  vitamins*®  enlarge  the  sensitivity  of 
the  body  to  such  irradiation. 

Although  histologic  changes  in  bones^’  ®’  *’  *®’  *®’  ^*’  ®®’  ®®’  ®^’  ®®’  ®*’  ** 

and  teeth®’  ®*’  *^’  ®®’  ^®’  ®®’  ®^  caused  by  external  or  internaP’  *®’  ^*’  ®^  irradia¬ 

tion  have  been  described,  nothing  has  been  mentioned  about  the  influence  of 
vitamins  or  other  substances. 

The  normal  structure  of  bone  greatly  depends  on  the  adequate  supply  of 
ascorbic  acid.®’  *®’  ®*’  ®^  Furthermore,  physiologic  pharmacodynamic  doses  of 
vitamin  C,  exceeding  several  times  the  dose  of  ascorbic  acid,^’ '®  act  as  detoxi- 
cants.^®’ '®’  *®’  **’  *®’  ®'’’  ®®’  ®*’  ^®’  *®  It  can  be  presumed  that  these  factors  may  in¬ 
fluence  the  results  of  radium  therapy  on  the  jaws  of  patients  suffering  from 
oral  tumors.  This  experiment  with  guinea  pigs  was  carried  out  for  the  purpase 
of  determining  whether  large  doses  of  ascorbic  acid  could  prevent  the  develop¬ 
ment  of  bone  and  teeth  lesions  resulting  from  x-ray  irradiation  of  the  jaws. 

MATERIAL  AND  METHODS 

The  guinea  pigs  were  placed  on  seorbutogenic  diet  consisting  of  crushed 
oats,  1000  Gm.;  wheat,  500  Gm.;  calcium  lactate,  50  Gm.;  and  sodium  chloride, 
25  Gm.  Moreover,  each  animal  received  1  to  2  drops  of  fish  liver  oil  twice  a  week. 
One  group,  the  KR  and  K  guinea  pigs  or  the  s.  c.  hypovitaminotic  animals, 
received  a  supplement  of  1  mg.  of  ascorbic  acid  (1.0  c.c.  of  0.1  per  cent  solution) 
by  means  of  subcutaneous  injections  every  second  day.  It  was  proved'®’  ®*  that 
ascorbic  acid,  added  to  scorbutogenous  diet  in  the  previously  mentioned 
amounts,  protected  guinea  pigs  from  the  symptoms  of  manifest  scurvy.  The 
body  weight  increases  at  the  usual  rate  and  the  bones  show  normal  histologic 
structure.  (Fig.  1.)  However,  such  dosage  of  vitamin  C  is  not  sufficient  for  the 
maintenance  of  a  normal  rate  of  deposition  and  normal  structure  of  dentin. 
Since  the  full  development  of  hypovitaminosis  C  takes  some  time,  the  treatment 
of  guinea  pigs  with  small  doses  of  ascorbic  acid  was  started  twenty  days  before 
the  beginning  of  the  irradiation  experiment. 

The  other  group,  the  NR  and  N  guinea  pigs  or  the  s.  c.  normal  animals, 
received  a  supplement  of  50  mg.  of  ascorbic  acid  (1.0  c.c.  of  the  5  per  cent 
solution)  subcutaneously,  every  other  day.  This  amount  of  ascorbic  acid  is 
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nonirradiated  control  guinea  pigs  with  small  doses  of  ascorbic  acid, 
nonirradiated  control  guinea  pigs  with  large  doses  of  ascorbic  acid. 
1.,  body  weight  in  grams  at  the  day  of  irradiation  or  death, 
air  units  per  closes  of  x-ray  irradiation. 
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al)out  ten  times  the  physiologic  dose  which  is  necessary  for  the  full  protection 
of  guinea  pigs  a^i^ainst  scurvy  and  presents  in  our  experiment  the  s.  c.  pharmaco¬ 
dynamic  vitamin  C  dose. 

In  this  paper  the  irradiation  chan}?es  in  teeth  are  described  only  in  the  func¬ 
tional  part  of  the  incisor.  In  this  portion  of  rodent  tooth  the  development  of 
enamel  is  already  completed,  but  deposition  of  dentin  still  continues.  Altera¬ 
tions  affecting  developmental  disturbances  of  teeth  caused  by  x-ray  irradiation 
will  be  described  in  another  publication. 

The  irradiation  was  obtained  from  a  Douglas  tulie.  The  tube  voltage  was 
143  kv.  and  the  curent  7.8  ma;  The  additional  filter  used  was  4  mm.  aluminum, 
corresponding  to  a  half-value  layer  of  0.3  mm.  copper.  The  distance  from  focus 
to  skin  of  mandible  was  30  cm.  The  diameter  of  the  field  irradiated  was  3.5 
cm,  i.  e.,  the  size  of  the  head  of  guinea  pig.  Under  these  conditions  an  average 
dose  rate  of  75  r  per  minute  was  obtained.  The  doses  were  measured  with 
Sievert’s  small  condenser  dosimeters.  The  ionization  chamber  of  the  dosi¬ 
meter  was  positioned  in  the  cavity  of  the  mouth  between  the  tongue  and  the 
exposed  side  of  the  mandible.  Prior  to  the  irradiation  the  animals  were 
anesthetized  with  Nembutal,  trussed  on  a  wood  catch,  and  their  bodies  covered 
with  a  lead  shield  almut  2  mm.  thick.  The  jaws  of  hypovitaminotic  and 
normal  guinea  pigs  received  a  single  dose  of  800  or  900  r,  and  fractionated 
doses  of  1000  r,  1200  r,  2600  r,  and  4200  r  during  fourteen  or  twenty-nine  days 
(Table  I). 

The  mandibles  of  animals  were  roentgenographed  and  fixed  in  a  10  per  cent 
formalin  solution  immediately  after  death.  Decalcification  was  performed  in  a 
5  per  cent  solution  of  trichloracetic  acid  and  paraffin  was  used  for  embedding. 
•The  part  of  the  alveolar  Imne  containing  incisors  was  examined  by  means  of 
cross  sections  and  the  molar  area  was  sectioned  in  sagittal  plane.  The  slides 
were  stained  with  hematoxylin  and  eosin  or  according  to  Hansen  or  Bock. 

RESULTS 

Gross  Findings. — In  all  nonirradiated  animals  (control  N  and  K  guinea 
pigs)  the  rate  of  body  weight  showed  increase.  On  the  contrary,  both  groups 
of  irradiated  guinea  pigs  NR  and  KR  after  1000  and  1200  r  showeil  stoppage 
or  decrease  of  body  weight.  The  reduction  of  botly  w’eight  was  especially 
marked  in  four  animals  in  which  the  irradiation  was  continuetl  for  an  additional 
length  of  time  (Table  I).  In  animals  with  4200  r,  epilation  and  foul  odor  were 
noticed. 

Post-mortem  examination  showed  that  in  hypovitaminotic  animals,  Imth 
irradiated  and  nonirradiated  (K  and  KR),  the  long  bones  were  somewhat  more 
fragile  (determined  by  manual  fracturing  of  fibula,  tibia,  and  femur)  than 
those  in  normal  ones  (N  and  NR).  The  occlusal  contact  areas  of  molars  in 
animals  with  4200  r  were  of  gray  color  and  of  a  dirty  appearance.  In  the 
same  animals  the  oral  mucosa  revealed  radiation  eiwthema  and  there  was 
gingival  ulceration. 

Lesions  of  Bones. — Only  one  control  hypovitaminotic  guinea  pig  among 
both  nonirradiated  and  exposed  animals  with  small  doses  of  ascorbic  acid 
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showed  a  dej)osition  of  bone  of  spongy  appearance.  It  is  api)arent  that  for  this 
animal  the  administered  doses  of  ascorbic  acid  were  not  high  enough  to  protect 
the  bone  from  scorbutic,  changes.  In  all  the  other  hypovitaminotie  animals  the 
only  .scorbutic  changes  that  could  l)e  observed  were  in  the  dentin  (Figs.  1  and 
13). 

Irradiation  with  800,  900,  and  1000  r  caused  diminution  of  bone  marrow 
cellularity  in  Iwth  groups  of  animals.  Otherwise,  the  structure  of  bone 
revealed  no  distinguishable  changes.  Osteobla.stic  activity  w'as  revealed  by 
the  normal  appearance  of  osteoid  layer,  and  the  osteocytes  and  density  of  bone 
were  normal.  The  soft  tissue  of  tooth-supporting  apparatus,  gingivae  and 
periodontium,  was  normal. 

Where  doses  of  1200  and  2600  r  had  been  administered,  the  difference  be¬ 
tween  both  groups  of  animals  became  apparent  by  the  degree  of  radiation 
lesions.  Whereas  in  normal  animals,  in  spite  of  doses  as  large  as  2600  r,  the 
signs  of  bone  deposition  in  some  areas  of  the  mandible  could  still  be  observed 
(Fig.  2).  In  the  hypovitaminotie  animals  with  r2(K)  r  osteoblastie  activity  is 
reduced  (Fig.  3).  In  hypovitaminotie  animal  with  26(K)  r,  distortion  of  osteo¬ 
cytes  and  the  beginning  osteoporosis  was  noted  (Fig.  6). 

In  guinea  pigs  with  4200  r  the  radiation  lesions  were  most  pronounced. 
The  Ijone  marrow  showed  a  marked  reduction  in  cells,  telangiectasia,  and 
hemorrhages.  The  distortion  of  osteoblasts  results  in  complete  ces.sation  of 
bone  deposition,  proved  by  the  absence  of  the  osteoid  layer  (Figs.  5  and  7).  Dis¬ 
integration  and  death  of  osteocytes  result  in  osteonecrosis  (Fig.  11).  Besides 
the  disturbances  in  bone  formation  and  osteonecrosis,  osteolysis  takes  place  in 
both  groups  of  animals  (Figs.  7,  8,  and  9).  This  process  occurs  irrespective  of 


Fig.  1. — Normal  deposition  of  bone  in  nonirradiated  guinea  pig  K9  due  to  adequate 
supply  of  vitamin  C  by  means  of  small  doses  of  ascorbic  acid.  Note  presence  of  osteoid 
layer  of  usual  width.  Longitudinal  section  of  alveolar  process  of  molar.  (X300.) 

Fig.  2. — Presence  of  normal  osteoid  seam  and  of  osteoblasts  due  to  treatment  with  large 
doses  of  ascorbic  acid  and  in  spite  of  irradiation  with  2600  r  of  alveolar  bone  of  incisors 
in  guinea  pig  NR8.  Cross  section.  (X300. ) 

Fig.  3. — Reduction  of  osteoblasts  activity  due  to  irradiation  with  1200  r  in  animal  with 
small  doses  of  ascorbic  acid.  Margin  of  outer  surface  of  horizontal  ramus  of  mandible  of 
guinea  pig  KR2.  Note  narrow  width  of  osteoid  .seam.  (X300. ) 

Fig.  4. — Normal  orientation  of  fibers  in  periodontium  of  incisor  in  nonirradiated  guinea 
pig  9K  with  small  doses  of  ascorbic  acid.  Cross  section.  (X500.) 

Fig.  5. — Disorientation  and  degeneration  of  fibers  of  pieriodontlum  of  Incisor  in  guinea 
pig  9NR  due  to  irradiation  with  4200  r.  Note  absence  of  osteoid  layer  of  the  bone.  (X500.) 

Fig.  6. — Osteoradlolysis  of  alveolar  bone  of  incisor  due  to  irradiation  with  2600  r  of  hypo- 
vitaminotic  guinea  pig  IKR.  Note  absence  of  cells  of  bone  marrow,  scanty  appearance  of 
connective  tissue  and  of  osteoclasts  in  porotic  spaces,  the  distortion  of  osteocytes,  and  absence 
of  osteoid  seam  at  the  inner  wall  of  alveolus.  Cross  section.  (X300. ) 

F'ig.  7. — Osteoradlolysis  of  alveolar  bone  of  incisor  of  normal  guinea  pig  9NR  due  to 
irradiation  with  4200  r.  Note  absence  of  fibrous  tissue  and  osteoclasts,  and  small  number 
of  cells  in  porotic  spaces.  In  upper  half  of  photograph  frame  work  of  bone  appears  in  the 
form  of  rays  and  is  attache<l  to  diluted  blood  vessel.  In  lower  half  and  on  the  left  of 
photograph,  hyaline  degeneration  of  framework  tissue  takes  place.  Cross  section.  (X500.) 

Fig.  8. — Rarefication  of  alveolar  bone  of  Incisor  of  normal  guinea  pig  9NR  due  to  irradia¬ 
tion  with  4200  r.  Ra<liogram.  (Xl5. ) 

Fig.  9. — Osteoradioporosis  in  hypovitaminotie  guinea  pig  6KR  with  4200  r  more  pro¬ 
nounced  than  that  of  normal  animal  shown  in  Fig.  8.  Note  communication  of  porotic  spaces 
with  outer  surface  of  alveolar  bone.  Radiogram.  (Xl5. ) 

Fig.  10. — Lacunar  resorption  of  crest  of  Interdental  septum  of  molar  in  guinea  pig  9NR 
irradiated  with  4200  r.  Note  presence  of  osteoclasts  and  absence  of  osteoid  layer  and  osteo¬ 
blasts.  l^ongituilinul  section.  (Xl20. ) 

Fig.  11. — Osteoradionecrosis  of  mandibular  bone  In  guinea  pig  6KR  due  to  irradiation 
with  4200  r.  Note  the  enjpty  laine  lacunae.  (XIOOO.) 

Fig.  12. — Normal  structure  of  masticatory  muscle  in  spite  of  irradiation  with  4200  r 
in  guinea  pig  6KR.  (X500.) 
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whether  osteocytes  are  only  damaged  or  have  completely  disappeared  from 
their  lacunae.  Although  bone  resorption  generally  develops  without  an  in¬ 
crease  in  activity  of  osteoclasts,  the  reduction  of  the  height  of  alveolar  crest 
of  the  interdental  septa  of  molars  takes  place  through  osteoclastic  resorption 
(Fig.  10).  The  same  is  true  for  some  areas  of  mandibular  bone  where  the 
muscles  of  mastication  are  inserted.  Notice  must  be  taken  of  the  insignificant 
appearance  or  absence  of  fibrous  tissue  in  the  porotic  spaces  (Figs.  6  and  7). 
These  spaces,  in  addition  to  blood  vessels,  contain  only  a  scarcely  distinguishable 
framework. 

In  hypovitaminotic  animals  all  these  changes  are  even  more  pronounced 
and  the  enlargement  of  the  porotic  spaces  develops  to  such  degree  that  the 
inner  walls  of  alveoli  become  quite  thin.  Further,  wide  communications  of 
porotic  spaces  with  periodontium  and  the  outer  surface  of  alveolar  bone  take 
place  (Fig.  9).  The  difference  of  the  stage  of  rarefication  between  the  man¬ 
dibular  bones  of  hypovitaminotic  and  normal  animals  is  evident  also  in  the 
radiogram  (Figs.  8  and  9).  The  number  of  damaged  blood  ves.sels  in  hypovi¬ 
taminotic  animals  is  greater  than  in  normal  ones  and  hemorrhages  could  be 
observed  in  the  animal  with  2600  r.  The  gingivae  reveal  both  degenerative  and 
inflammatory  changes,  as  shown  by  desquamation  and  thinning  of  the  epithelium 
layer  and  by  ulcerations  and  necrosis  of  gingivae  with  infiltration  of  .subepithelial 
tissue  by  inflammatory  cells.  The  periodontium  is  less  affected  by  irradiation, 
changes  consisting  of  diminution  of  the  number  of  cells.  The  functional 
orientiation  of  fibers  is  less  pronounced  than  in  nonirradiated  animals  (Figs. 
4,  and  5).  These  lesions  are  about  the  same  both  in  hypovitaminotic  and  nor¬ 
mal  animals. 

Lesions  of  Teeth. — Since  dentin  is  highly  sensitive  to  deficiency  of  vitamin 
C,  in  all  hypovitaminotic  animals  disturbances  of  dentin  formation  become 
evident  through  the  development  of  short  dentinoblasts  with  subsequent  deposi¬ 
tion  of  narrow  dentin  layer  owing  to  the  inadequate  doses  of  ascorbic  acid 
(Fig.  13). 


Fig.  13. — Insufficient  formation  of  scorbutic  dentin  due  to  Inadequate  dose  of  ascorbic  acid 
in  nonirradiated  hypovitaminotic  animal  IK.  Note  narrow  predentin,  short  odontoblasts,  and 
similarity  of  structure  of  dentin  in  areas  of  tooth  covered  with  cementum  or  enamel.  (X80.) 

Fig.  14. — Dilation  and  degeneration  of  wall  of  blood  vessel  in  the  pulp  of  incisor 
of  guinea  pig  6KR  due  to  irradiation  with  4200  r.  Note  absence  of  cells  of  endothelium. 
(XIOOO.) 

Fig.  15. — ^Normal  structure  of  dentin  and  odontoblasts  in  guinea  pig  6NR  in  spite  of 
irradiation  with  1200  r.  (X30.) 

Fig.  16. — Wavelike  fommtion  of  scorbutic  dentin  due  to  irradiation  with  900  r  in  the 
tooth  portion  covered  with  cementum.  Guinea  pig  4KR.  (X30.  ) 

Fig.  17. — Deposition  of  scorbutic  dentin  in  form  of  spicules  due  to  Irradiation  with  1000  r 
in  the  tooth  portion  covered  with  cementum.  Animal  5KR.  (X30.) 

Fig.  18. — Deposition  of  scorbutic  dentin  in  form  of  spicules  due  to  irradiation  with  1200  r 
in  tooth  portions  covered  with  cementum  as  also  with  enamel.  Animal  2KR.  (X30.) 

Fig.  19. — Distortion  of  dentinoblasts  owing  to  telangiectasia  of  capillaries  in  dentino- 
blast  layer  due  to  Irradiation  with  2600  r.  Note  the  presence  of  predentin  of  greater  width, 
and  more  strongly  pronounced  Owen’s  lines  in  normally  canalized  dentin.  Animal  SNR 
(X200.) 

Fig.  20. — Almost  normal  structure  of  dentinoblasts  and  of  dentin  in  spite  of  irradiation 
with  4200  r  in  normal  guinea  pig  9NR.  Note  appearance  of  telangiectasia  in  pulp.  (x80.) 

Fig.  21. — Great  magniflcation  of  dentinoblasts  from  Fig.  20.  Note  the  regular  canaliza¬ 
tion  of  dentin  and  wider  predentin  layer  Indicating  delay  of  calciflcation.  (XIOOO.) 

Fig.  22. — Distortion  of  dentinoblasts  and  pulp  cells,  apposition  of  scorbutic  dentin  in 
form  of  bone  spicules  owing  to  Irradiation  with  2600  r.  Note  at  left  of  photograph  hemor¬ 
rhages  in  pulp  area  adjacent  to  spicules.  Guinea  pig  IKR.  (X200.) 
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Contrary  to  the  findings  in  the  bone  of  mandible,  in  which  the  difference 
in  the  degree  of  production  of  lesions  in  normal  and  hypovitaminotic  animals 
appears  only  with  higher  dosages  of  irradiation,  a  striking  difference  could  be 
observed  in  the  teeth  with  800  to  1200  r  (Figs.  15,  16,  17  and  18).  In 
irradiated  hypovitaminotic  animals  scorbutic  dentin  was  produced  in  the  form 
of  spicules  which  are  directed  towmrd  the  center  of  the  pulp.*  These  changes 
become  visible  first  in  that  portion  of  the  dentin  covered  with  cementum  (Figs. 
16  and  17).  In  normal  animals  the  some  amount  of  irradiation  produces  no 
effect  on  the  activity  of  dentinoblasts  in  the  corresponding  portion  of  tooth,  the 
dentin  structure  being  normal  (Fig.  15). 

The  difference  in  dental  lesions  between  the  groups  of  animals  is  more 
striking  after  irradiation  with  2600  and  4200  r.  In  hypovitaminotic  animals  at 
-.1200  r  instead  of  dentin  layers  forming,  the  production  of  “pulp  bone,”  in  the 
form  of  spicules,  took  place  both  on  the  side  of  cementum  and  on  the  side  of 
enamel.  At  a  later  stage,  owing  to  the  complete  disintegration  of  dentinoblasts, 
these  cells  can  no  longer  be  distinguished  from  the  distorted  cells  of  the  pulp, 
which  diminish  in  number,  degenerate,  and  finally  disappear  (Fig.  22).  This 
cell  loss  in  the  pulp  is  esi>ecially  advanced  in  animals  with  4200  r.  Disturbances 
of  circulation  are  shown  by  telangiectasia  (Fig.  14)  and  hemorrhages  (Fig.  22). 
In  these  hypovitaminotic  animals  the  frequency  and  severity  of  lesions  in  tooth 
tis.sue  conform  with  such  lesions  of  bones  in  the  same  mandible. 

In  normal  guinea  pigs  with  2600  and  4200  r,  the  dentinoblasts  are  almost 
of  normal  appearance  and  still  capable  of  normal  function  (Figs.  19,  20,  and  21). 
The  appearance  of  a  somewhat  brighter  layer  of  predentin  and  of  hypercalcified 
lines  in  dentin  indicates  some  delay  in  the  rate  of  calcification  (Fig.  21).  The 
distortion  of  some  groups  of  dentinoblasts  takes  place  only  locally  and  is  due 
to  the  telangiecta.sia  in  the  odontoblastic  layer  (Fig.  19).  The  lesions  of  pulp 
tissue  are  not  severe  and  are  characterized  by  some  fibrosity  and  telangiectasia 
(Fig.  20).  In  the  animal  with  4200  r  the  insignificant  lesions  of  dentin  are  in 
striking  disharmony  with  the  severe  destruction  of  the  alveolar  bone  surrounding 
it  (Figs.  7  and  20). 

DI.SCUSSION 

Bones  of  the  mandibles  of  guinea  pigs  treated  with  large  doses  of  a.scorbic 
acid  exhibited  greater  resistance  against  the  action  of  x-rays  than  the  mandibles 
of  guinea  pigs  treated  with  small  doses  of  ascorbic  acid.  In  the  first  group  of 
animals  the  disturbances  of  osteoblasts,  osteocytes,  and  osteoradiolysis  were  less 
pronounced.  Since  these  small  doses  of  vitamin  C  were  high  enough  to  main¬ 
tain  the  normal  structure  of  bone  tis.sue,  apart  from  the  somewhat  more  pro¬ 
nounced  fragility  in  animals  with  small  doses  of  ascorbic  acid,  the  difference  in 
the  reaction  of  mandibular  bone  of  both  groups  of  animals  to  x-rays  must  be 
wnsidered  due  to  the  influence  of  large  doses  of  a.scorbic  acid  which  act  as 
detoxicants  against  histamine-like  bodies  or  leukotoxins  developing  in  the 
irradiated  tissue.*-  **-  ** 

•However,  it  l«  to  be  noted  that  dentin  of  Inferior  quality  in  the  form  of  spicules  usually 
develops  in  the  teeth  of  guinea  piK«  Riven  inadequate  dally  doses  of  ascorbic  acid.'*  In  the  ex¬ 
amined  sections  of  the  functional  part  of  incisors  of  the  animals  in  this  experiment,  it  could 
not  be  seen  because  spicules  appear  farther  incisally  than  in  the  irradiated  (KR)  ones. 
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Other  investigators/*  wlio  stated  that  ascorbic  acid  does  not  diminish  the 
toxicity  of  x-rays  in  the  case  of  total  Iwdy  irradiation,  used  rats  which  are  not 
suitable  animals  for  experiments  with  vitamin  C.  These  animals  produce  vitamin 
C  in  their  bodies  as  a  tissue  hormone/*’  It  was  stated  that  the  dosage  of 
vitamin  C  was  of  importance  in  experiments  with  acute  hyperparathyroidism  in 
guinea  pigs,^*  but  not  in  rats/® 

Osteoblasts  are  more  radiosensitive  than  osteocytes.  This  phenomenon  is 
shown  by  the  fact  that  the  bone  deposition  ceases  through  a  smaller  dosage 
of  x-rays  than  that  necessarj’  for  .n  appearance  of  osteonecrosis  and  osteolysis. 
It  is  certainly  difficult  to  decide  from  the  experiment  whether  the  destruction  of 
o.steocytes  w’ith  subsecjuent  osteonecrosis  preceded  osteolysis,  or  w’hether  Iwth 
phenomena  developed  simultaneously.  The  small  number  of  cells  in  the  tissue 
of  porotic  spaces  apparently  results  because  osteocytes  killed  by  x-rays  dis¬ 
appeared  from  their  lacunae  before  the  corresponding  bone  area  had  undergone 
resorption,  or  else  they  disintegrated  simultaneously  in  the  course  of  osteolysis. 

In  guinea  pigs  with  4200  r  the  lacunar  resorption  of  alveolar  crest  and 
of  areas  of  mandibular  bones  where  the  masticatory  muscles  are  attached  ob¬ 
viously  depends  on  mechanical  factors  as  has  already  been  shown  in  the  experi¬ 
ments  with  scurvy®®  and  acute  hyperparathyroidism.®*  For  the  normal  func¬ 
tion  of  l)ones,  the  harmony  betw’een  muscle  tension  and  structure  of  Inme  is 
essential.  Since  muscle  is  one  of  the  most  radioresistant  tissues  of  the 
l)ody*®’  ®®’  and  as  during  the  irradiation  the  lesions  of  the  Iwnes  are  more 
pronounced  than  those  of  the  muscles  (Figs.  6  to  9,  11,  and  12),  the  disbalance 
between  muscle  tension  and  bone  function  occurs.  This  results  in  the  over¬ 
stress  upon  the  bone  which  then  undergoes  osteoclastic  resorption  in  the  areas  of 
insertion  of  muscles.  In  the  alveolar  i)rocess  the  balance  between  the  tension 
of  the  masticatory  muscles  and  the  structure  of  the  supporting  apparatus  of 
tooth  is  disturbed.  Since  the  alveolar  lx)ne  and  periiMlontium  are  damage<l 
by  irradiation,  the  normal  tension  of  muscles  in  this  case  presents  the  over¬ 
stress,  and  the  fulcrum  of  tooth  movement,  the  alveolar  crest,  undergoes  osteo- 
cla.stic  resorption  (Fig.  10). 

The  differences  in  irradiation  lesions  of  dentin  and  pulp  between  both 
groups  of  animals  are  greater  than  those  in  Ijones.  This  j)henomenon  depends 
on  the  fact  that  the  smalt  doses  of  ascorbic  acid  which  were  sufficient  to  maintain 
the  normal  structure  of  bone  were  not  adecjuate  to  protect  dentin  from 
scorbutic  changes.  Since  it  is  known  that  scurvy  diminishes  the  resistance  of 
tis.sue  against  diseases®*  and  against  the  toxic  action  of  drugs,®**  ®*  it  is  obvious 
that  irradiation  lesions  of  scorbutic  dentinoblasts  and  pulp  are  more  severe 
than  those  in  teeth  of  animals  which  were  protected  from  scorbutic  changes. 

Previous  investigators  declared  that  developing  o<lontoblasts  are  more 
radiosensitive  than  mature  ones,*’  **’  **  but  they  did  not  compare  the  radio¬ 
sensitivity  of  Imnes  and  dentin  tissue.  It  is  remarkable  that  in  the  normal 
animals  with  2600  and  4200  r  the  function  of  dentinoblasts  was  not  severely 
disturbed.  The  slight  delay  of  dentin  calcification,  like  that  in  the  Inme,*®  appar¬ 
ently  depends  on  the  effect  of  x-rays  upon  the  phosphatase  of  dentinoblasts. 
Contrary  to  the  slight  dentin  effects  in  the  Ijone  of  the  same  mandible,  the 
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osteoblasts  and  osteoeytes  were  severely  daniajjed.  This  means  that  mature 
dentin  is  more  radioresistant  than  bone.  This  peculiarity,  of  course,  only  holds 
good  in  the  case  of  mature  dentinoblasts.  On  the  other  hand,  in  hypovitaminotic 
guinea  'pigs  irradiation  lesions  of  scorbutic  dentinoblasts  could  be  established 
with  800  r  and  the  lesions  of  bone  cells  with  1200  r  (Figs.  3  and  16).  This 
means  that  altered  dentinoblasts  are  moi’e  radiosensitive  than  altered  osteo¬ 
blasts  and  osteoeytes. 


SUMMARY  AXl)  CONCLUSION'S 

X-ray  irradiation  lesions  were  studied  histologically  in  the  bone  and  in¬ 
cisors  of  the  mandibles  of  young  guinea  pigs  which  received  large  (50  mg.  every 
other  day)  or  small  (1  mg.  every  other  day)  doses  of  ascorbic  acid.  It  was 
found  that : 

1.  With  exposure  to  1200  r,  2600  r,  and  4200  r  generated  by  143  kv.,  the 
reduction  of  Imne  deposition  and  osteoradiolysis  in  the  mandibles  of  animals  with 
large  ascorbic  acid  doses  were  less  pronounced  than  in  animals  with  small  doses 
of  ascorbic  acid,  notwithstanding  the  similarity  of  histologic  structure  of  Ixine 
developed  before  the  irradiation  in  both  groups  of  guinea  pigs. 

2.  In  animals  with  large  doses  of  ascorbic  acid,  with  dosages  of  2600  r  and 
4200  r  the  dentinoblasts  were  still  active  in  production  of  regular  dentin. 

3.  In  animals  with  small  doses  of  ascorbic  acid,  800  r  and  1200  r  dosages  of 
x-ray  disturbed  the  function  of  scorbutically  changed  dentinoblasts  still  more. 
With  dosages  of  2600  r  and  4200  r  total  disintegration  of  dentinoblasts  and 
pulp  cells  took  place,  accompanied  by  circulatory  disturbances  of  pulp. 

4.  In  animals  with  large  ascorbic  acid  doses  the  osteoblasts  appeared  more 
radiosensitive  than  the  osteoeytes,  and  the  osteoeytes,  in  their  turn,  more  radio 
sensitive  than  mature  dentinoblasts. 

5.  In  animals  with  small  ascorbic  acid  doses  the  scorbutically  changed 
dentinoblasts  appeared  to  be  more  radiosensitive  than  the  osteoblasts  and 
osteoeytes. 
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TFIK  EFFECT  OF  THE  KEIMPOSITION  OF  PICKETS  AFTER 
HEALING  UPON  DENTIN  CALCIFICATION 
J.  T.  IRVING 

Department  of  Physiology  and  Pharmacology,  Medical  School, 

University  of  Cape  Town,  South  Africa 

PREVIOUSLY*’*  results  were  described  in  rats  with  advanced  rickets 
which  underwent  a  short  curative  period  and  w’ere  then  put  back  onto  the 
rachitogenic  diet.  During  the  curative  period  calcification  was  renewed  in  the 
epii)hysis  and  in  dentin  formation,  but  no  change  was  noted  in  amelogenesis 
which,  in  any  case,  had  been  unaffected  by  rickets.  On  reimposing  the  rachitic 
condition,  calcification  in  the  epiphysis  and  the  dentin  seemed  to  stop  sud¬ 
denly,  although  matrix  formation  continued.  The  formation  of  the  enamel 
matrix  by  the  tall  ameloblasts  stopped  completely  and  was  never  renewed,  the 
ameloblasts  becoming  seriously  disorganized. 

Attempts  were  made  to  time  the  moment  of  cessation  of  enamel  formation 
by  the  injection  of  a  NaF  solution  when  the  rachitic  condition  was  reimposed. 
Scnne  enamel  matrix  was  formed  beyond  the  resulting  line  of  injury  so  that  it 
was  concluded  that  amelogenesis  had  persisted  for  a  few  hours,  but  no  more 
exact  estimate  could  be  made.  In  the  ease  of  the  epiphysis  it  was  quite  im¬ 
possible  to  time  accurately  the  sequence  of  events.  In  the  dentin,  however,  the 
sharp  edge  of  the  calcified  dentin  which  slowly  receded  as  the  predentin  got 
wider  seemed  to  offer  a  test  line  for  estimating  fairly  exactly  the  moment  at 
which  calcification  of  the  dentin  stopped  or  altered  its  rhythm.  By  injecting 
a  fiuoride  solution  at  the  time  of  change  of  diet  it  was  possible  to  measure  the 
rate  of  matrix  formation,  since  F  causes  the  appearance  of  a  fine  line  in  the 
predentin  under  these  circumstances.®  The  present  paper  reports  the  results 
of  these  investigations. 

METHODS 

Sixty-four  young  rats  of  the  AVistar  strain  weighing  50  to  60  Gm.  were  put 
on  the  Steenbock  and  Black  rachitogenic  diet.  After  tw’enty-eight  days,  their 
dietary  intake  w’as  severely  restricted  or  else  phosphate  was  added  to  the  diet 
to  bring  the  Ca  :P  ratio  to  1.8.  Four  to  six  days  later  they  were  replaced  on 
the  rachitogenic  diet  and  some  were  injected  subcutaneously  at  this  moment 
with  2  per  cent  NaF  solution  at  a  dose  level  of  about  8  mg.  F  per  kilogram 
body  weight.  All  w  ere  killed  subsequently  at  intervals  up  to  eleven  days.  The 
growth  rate  during  this  period  was  very  slow,  and  some  animals  lost  weight. 
Central  longitudinal  sections  of  the  upper  incisor  teeth  were  decalcified  and 
stained  with  hematoxylin  and  eosin.  The  predentin  width  and  the  distance  of 
the  F  line  from  the  pulpal  edge  of  the  predentin  were  measured  with  a  microm¬ 
eter  eyepiece. 
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RESUI.TS 

The  new  calcification  caused  by  the  healing  process  was  seen  as  a  series  of 
incremental  stripes  in  the  dentin  corresponding  to  the  days  of  action  of  the 
healing  procedure,  and  the  new  predentin  was  of  normal  width  (Fig.  1,  A).  On 
returning  the  animals  to  the  raehitogenic  diet  the  predentin  became  gradually 
wider  as  the  edge  of  the  calcified  dentin  receded  (Fig.  1,  B  and  C).  The  last 
stripe  of  calcified  dentin,  seen  as  a  zone  staining  deeply  with  hematoxylin,  was 
hypercalcified.  As  the  experiment  proceeded,  spontaneous  calcification  some¬ 
times  occurred  in  the  wide  predentin.  The  edge  of  the  healing  calcification  was, 
however,  always  recognizable  as  a  hypercalcified  line. 


A.  B.  c. 

Fig.  1. — Dentin,  predentin,  and  odontoblasts  on  labial  side  of  the  incisor.  (X480.)  x. 
Newly  formed  dentin  due  to  the  healing  procedure:  y,  predentin.  A,  Rat  1683,  previously  on 
raehitogenic  diet,  after  six  days  healing.  B,  Rat  1683,  three  days  after  return  to  raehitogenic 
diet.  Calcification  of  the  dentin  has  ceased  and  pretlentin  is  twice  as  wide  as  in  A.  C,  Rat 
1681,  six  days  after  return  to  raehitogenic  diet.  Predentin  is  about  twice  as  wide  as  in  B. 
Note  sharp  hypercalcified  edge  of  the  dentin. 

Since  two  processes,  matrix  formation  and  calcification,  could  occur  simul¬ 
taneously,  it  was  neces.sary  to  measure  the  rates  of  these  separately.  The  rate  of 
matrix  formation  was  determined  by  measuring  the  distance  from  the  pulp  of 
the  fine  line  formed  in  the  predentin  by  fluorine.  This  was  done  at  daily  inter¬ 
vals  up  to  four  days  after  the  injection.  It  was  not  possible  to  continue  the 
measurements  accurately  after  this,  as  the  F  line  got  mixed  up  with  spontaneous 
calcification,  for  which  it  appeared  to  act  as  a  nucleus  of  formation.  The  aver¬ 
ages  of  the  distances  are  plotted  against  time  in  Fig.  2,  .1.  The  regression 
equation  for  predicting  distance  (x),  given  time  (z),  was  calculated  by  the 
method  of  least  squares  and  was  x  —  4.25z  -  0.65,  the  line  A  being  drawrn  from 
this  equation.  The  average  rate  of  matrix  formation  was  4  {i  per  day.  It  is  of 
some  interest  that  dentin  matrix  formation  proceeded  at  a  uniform  though  slow 
rate. 

The  rate  of  the  calcification  process  was  determined  by  measuring  the  total 
predentin  width  or  the  distance  of  the  hypercalcified  edge  of  the  newly  calei- 
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fled  dentin  from  the  pulpal  edge  of  the  predentin.  The  average  results  are 
plotted  in  Fig.  2,  B.  The  regression  equation  for  predicting  x  given  z  was  x  — 
4.1 7z  +  14.52  and  the  line  B  has  been  drawn  from  this  equation.  The  standard 
deviations  of  the  regression  coefficients  for  lines  A  and  B  were,  respectively,  0.26 
and  0.24,  so  that  clearly  the  difference  in  the  values  of  the  regression  coefficients, 
4.25  and  4.17,  was  not  significant.  Thus,  the  process  of  calcification  had  cea.sed 
completely  and  the  outward  movement  of  the  edge  of  the  calcified  dentin  was 
solely  due  to  matrix  formation. 
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Fig:.  2. — A,  Distance  of  fluorine  line  in  predentin  from  pulp  plotted  a^inst  time,  after 
healing  period  and  during  subsequent  reimiK)8ition  of  rickets.  The  line  has  Deen  drawn  from 
regression  equation  X  =  4.25z  -  0.65,  and  fcives  rate  of  matrix  formation.  B,  Width  of  the 
predentin,  or  distance  of  the  edge  of  (deified  dentin  from  pulp,  plotted  against  time,  over  same 
experimental  period  as  in  A.  Line  has  been  drawn  from  regression  equation  X  =  4.17i  +  14.52. 

In  order  to  determine  the  time  at  which  the  calcification  of  the  dentin  ceased, 
the  regression  equation  for  predicting  z  given  x  in  Fig.  2,  B  was  calculated.  This 
was  z  =  0.237x  -  3.39.  The  line  plotted  from  this  equation  fell  almost  exactly  on 
line  B  in  Fig.  2.  From  this  equation,  the  value  of  z  corresponding  to  x  —  19,2 
(predentin  width  on  day  0,  Fig.  2,  B,  average  of  nineteen  observations)  was 
calculated.  It  was  found  to  be  1.17  and  the  99  per  cent  confidence  limits  for 
this  estimate  were  0.40  to  1.94,  The  value  of  z  was  thus  significantly  different 
from  0,  and  therefore  the  process  of  calcification  did  not  cease  immediately  when 
the  animals  were  transferred  back  to  the  raehitogenic  diet.  This  process  either 
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continued  for  approximately  anotlier  day  ami  then  stopi)ed  suddenly,  or  else 
gradually  slowed  and  had  quite  ceased  after  about  one  day.  The  predentin- 
dentin  junction  showed  a  sharp  edge  as  it  slowly  receded,  and  it  seemed  more 
probable' that  the  process  of  calcification  came  to  an  abrupt,  rather  than  slow, 
stop.  This  is  what  had  appeared  to  occur  in  IwUe  and  enamel  formation.  At 
the  epiphysis,  calcification  stopped  abruptly  and  in  enamel  the  jirocess  seemed 
to  stop  in  mid-air,  as  the  serrated  edge  of  the  pre-enamel  matrix  existing  at  the 
time  remained  unchanged  until  the  end  of  the  experiment.  It  is  not  possible  to 
state  whether  all  three  proces.ses  stopped  at  the  same  time,  but  as  already  indi¬ 
cated,  amelogenesis  did  not  cease  until  the  lapse  of  a  few  hours  after  the  change 
of  diet. 

The  slow  rate  of  matrix  formation  was  almost  certainly  due  to  the  slow 
growth  rate  of  the  animals,  since  it  has  been  found  in  rats  growing  slowly,  but 
otherwise  normally,  that  the  incremental  rate  of  dentin  matrix  formation  is 
reduced.^  Apparently,  the  rachitic  state,  temporarily  abolished  by  the  healing 
procedure,  is  rapidly  returned  to  in  these  animals.  This  is  seen  in  the  blood 
Ca  values,  which  fall  during  the  healing  period,  but  immediately  rise  to  the 
rachitic  level  when  the  rachitogenic  regime  is  reimposed.^  It  is  probable  that 
the  calcification  of  the  dentin  stops  completely  in  the  later  stages  of  uninter¬ 
rupted  rickets,  unless  spontaneous  healing  supervenes. 

This  procedure  appears  to  be  a  convenient  and  ea.sily  controlled  way  of 
suddenly  stopping  dentin  calcification  within  a  comparatively  short  period. 

SUMMARY 

Rachitic  rats  were  subjected  to  a  short  period  of  healing,  and  were  then 
returned  to  the  rachitic  state.  The  rate  of  dentin  matrix  formation  appeared  to 
be  unchanged,  but  calcification  of  the  dentin  ceased  completely  about  one  day 
after  the  reimposition  of  rickets. 

The  writer  is  greatly  indebted  to  Dr.  A.  L.  Hales,  for  the  statistical  analysis  of  these 
results.  The  expenses  of  this  work  were  met  by  grants  from  the  Staff  Research  Fund,  Uni¬ 
versity  of  Cape  Town,  and  from  the  South  African  Council  for  Scientific  and  Industrial 
Research.  The  latter  V)ody  also  gave  a  grant  for  technical  assistance. 
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MKASURING  TUK  RADIOPACITY  OF  THE  LIP  AND  MANDIBLE 

ALBERT  G.  RI(1IARD8,  B.S.,  M.S. 

School  of  Dentistry,  University  of  Michigan,  Ann  Arbor,  Mich. 

IT  HAS  been  a  eommon  experience  amoii}?  those  who  study  dental  radiographs 
to  note  the  wide  variation  in  api)earance  among  sets  of  radiographs  produced 
with  standard  technics.  The  routine  x-ray  examination  of  a  group  of  in¬ 
dividuals  will  produce  some  sets  of  radiographs  which  are  generally  dark  or 
dense  and  other  sets  which  appear  (|uite  light  or  thin,  but  the  appearance  of  the 
majority  of  the  sets  will  lie  between  the  dark  and  light  extremes.  It  is  the 
purj)ose  of  this  paper  to  report  an  investigation  which  was  made  to  determine 
and  predict  the  occurrence  of  the  factors  which  cause  the  wide  variations  in 
the  appearance  of  radiographs  pnxluced  by  conventional  technics. 

There  are  many  variables  involved  in  the  production  of  a  radiograph. 
Each  variable  is  a  possible  cause  of  the  wide  radiographic  variations  which 
occur  among  individuals. 

1.  Film  Factor. — In  the  manufacture  of  dental  films,  elaborate  measures  are  taken  to 
ensure  the  uniformity  of  the  product.  All  films  bearing  the  same  “mulsion  number  are  re¬ 
markably  similar  in  all  respwts.  The  radiographic  variations,  occurring  among  individuals 
radiographe<l  with  films  from  the  same  container,  are  much  too  large  to  be  due  to  any  lack 
of  u  liformity  of  the  film  itself. 

2.  Exposure  Factors. — For  exposures  of  reasonable  duration,  the  timer  of  a  given  x-ray 
unit  can  be  expected  to  duplicate  any  previous  setting  with  good  accuracy.  The  more  modem 
x-ray  units  allow  for  accurate  manual  control  of  the  current  and  voltage  values  employed. 
The  radiographic  variations,  occurring  among  individuals,  are  too  great  to  be  attributed  to 
minor  inaccuracies  in  the  timer  and  slight  variations  in  the  current  and  voltage  values  em¬ 
ployed. 

3.  Technic  Factors. — technic  which  employs  a  standard  film  position,  point  of  entry 
and  direction  for  the  central  ray  of  the  x-ray  beam,  and  focal-film  distance  for  each  region 
of  the  mouth  is  incapable  of  producing  the  major  radiographic  variations  which  occur  among 
individuals. 

4.  Processing  Factor. — The  use  of  fresh  processing  solutions  and  the  time-temperature 
method  for  processing  films  rules  out  the  processing  factor  as  the  cause  of  the  wide  radio- 
graphic  variations  encountered  among  individuals. 

5.  Patient  Factor. — After  discounting  the  first  four  factors  as  causes  of  the  wide  varia¬ 
tions  found  in  the  appearance  of  comparable  radiographs  of  patients,  only  the  patient  factor 
remains.  The  patient  factor  in  turn  is  compo.sed  of  the  following  variables:  age,  race,  sex, 
thickness  and  composition  of  the  soft  and  osseous  tissues,  general  body  type  of  the  patient, 
and  possibly  other  factors. 

When  dental  radiographs  are  produced,  the  x-rays  must  pass  through  the 
following  tissues  before  reaching  and  recording  on  the  film :  the  skin  with  its 
pigmentation,  the  soft  tissue  and  mucosa  of  the  cheek  or  lip,  and  the  alvwlar 
process  with  its  buccal  and  lingual  mucosal  coverings,  buccal  and  lingual  cortical 
plates,  and  l)one  marrow  and  trabeculae. 

When  similar  regions  of  two  individuals  are  radiographed,  identical  photo¬ 
graphic  density  or  blackening  of  the  film  would  result  from  a  standanli/.ed 
technic  provided  that  the  two  ])atients  exhibittnl  the  same  radiopaeity.  How- 
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ever,  the  photographic  density  of  the  two  radiographs  would  he  dissimilar  if 
one  individual  possessed  greater  radiopacity  than  the  other.  One  individual 
may  possess  greater  radiopacity  by  virtue  of  his  thicker  tissues,  because  the 
x-ray  absorption  of  a  given  material  increases  in  a  certain  manner  with  its 
thickness. 

A  second  reason  for  the  greater  radiopacity  of  certain  individuals  lies  in 
the  possibility  that,  even  for  equivalent  thicknesses,  their  tissues  may  exhibit 
higher  x-ray  absorption.  To  test  these  possibilities  and  to  locate  as  closely  as 
possible  the  site  of  the  additional  radiopacity,  it  is  convenient  to  measure  as  a 
unit  the  combined  thicknesses  and  radiopacities  of  first,  the  skin  with  its  pig¬ 
mentation,  the  soft  tissue  and  mucosa  of  the  cheek  or  lip,  and  second,  the  alveolar 
process  with  its  buccal  and  lingual  mucosal  coverings,  buccal  and  lingual  cortical 
plates,  and  bone  marrow  and  trabeculae. 

Measurement  of  Radiopacity. — The  radiopacity  of  a  given  structure  can 
be  determined  experimentally  by  measuring  how  much  of  the  incident  x-ray 
radiation  is  stopped  in  traversing  the  measured  thickness  of  the  structure.  It  is 
a  simple  matter  to  use  a  caliper  for  measurements  of  thickness,  whether  they 
be  of  the  tis.sues  of  the  jaw’s,  cheeks,  or  lips,  but  the  measurement  of  the  x-ray 
absorption  by  these  same  living  tissues  is  more  difficult.  A  direct  method  for 
measuring  the  radiopacity  of  the  soft  and  osseous  tis.sues  would  be  to  use  a 
roentgen  meter  with  an  ionization  chamber  for  measuring  the  actual  intensities 
of  the  radiation  before  and  after  traversing  the  tissue  under  investigation.  Cer¬ 
tain  technical  difficulties  arise  w'hen  this  direct  method  of  measurement  is  em¬ 
ployed.  An  indirect  method  has  proved  to  be  more  practical  for  measuring  the 
radiopacity  of  the  soft  and  osseous  tissues. 
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TRANSMITTED  X-RADIATION 
Fig.  1. — Step-wedge  shown  diagrammatically. 

When  a  beam  of  x-rays  is  directed  at  a  sheet  of  metal,  some  of  the  radiation 
is  al)sorbed  and  some  is  transmitted  through  the  sheet.  The  intensities  of  the 
incident  and  transmitted  radiation  can  be  measured  with  a  Victoreen  r-meter. 
The  percentage  of  the  incident  radiation  absorbed  by  the  sheet  of  metal  is  a 
function  of  the  thickness  and  mass  absorption  coefficient  of  the  metal  and  is 
independent  of  the  exposure.  A  second  similar  sheet  of  metal  laid  partially 
over  the  first  would,  due  to  the  combined  thickness  of  the  two  sheets  of  metal, 
absorb  a  higher  percentage  of  the  incident  radiation.  Additional  sheets  of 
metal  would  increase  further  the  absorjition  of  the  incident  radiation.  Such  a 


Volume  32 
Number  2 


MEAHURINO  KADIOPACITY  OF  LIP  AND  MANDIBLE 


195 


staggered  array  of  metallic  sheets  is  shown  diagrammatically  in  Fig.  1,  and  it 
is  called  a  “ step- wedge.  ” 

The  step-wedges  used  in  this  investigation  were  made  of  an  aluminum 
alloy  consisting  of  93.6  per  cent  aluminum,  4.4  per  cent  copper,  1.5  per  cent 
magnesium,  and  0.5  per  cent  manganese.  Pure  aluminum  would  have  been 
more  desirable,  but  it  was  not  available  at  the  time  the  equipment  was  con¬ 
structed.  Fig.  2  presents  a  chart  which  indicates  the  experimentally  determined 
percentage  of  x-ray  absorption  as  a  function  of  the  thickness  of  the  aluminum 
alloy  steps.  When  a  step-wedge  is  radiographed,  different  photographic  den.sities 
are  produced  in  the  film,  corresponding  to  each  different  transmitted  intensity 
under  the  individual  steps.  The  darkest  response  in  the  radiograph  corresponds 
to  the  thinnest  and  least  radiopaque  step,  and  the  lightest  response  corresponds 
to  the  thickest  and  most  radiopacjue  step. 


Fig.  2. — Experimentally  determined  percentage  of  incident  x-radlation  transmitted  by  the 

step-wedge  of  aluminum  alloy. 

If  an  unknown  substance  or  tissue  of  measured  thickness  were  radiographed 
on  the  same  film  with  the  step-wedge,  each  object  would  be  exposed  for  the 
same  length  of  time  and  each  would  produce  an  effect  upon  the  film  in  accoi*dance 
with  its  individual  radiojiacity.  Similar  photographic  response  or  film  blacken¬ 
ing  would  result  from  similar  tran.smitted  x-ray  intensities  reaching  the  film. 
Therefore,  the  radiopacity  of  the  measured  thickness  of  unknown  material  could 
be  determined  by  lot'ating  a  photographic  density  or  film  blackening  caused  by 
one  of  the  steps  of  the  step-wedge  which  corresponds  to  the  film  blackening 
caused  by  the  unknown  material.  The  radiopacity  of  this  aluminum  alloy  step 
is  then  the  radiopacity  of  the  measured  thickness  of  unknown  material. 
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Choice  of  Test  Sites. — The  following  six  considerations  led  to  choosinj?  the 
area  of  the  mandible  located  l>etween  the  rmds  of  the  riffht  first  and  second 
premolars  as  the  site  of  measurements  of  the  osseous  tissue:  (1)  This  area  is 
easily  accessible  when  the  patient  is  seated  in  the  dental  chair.  (2)  Only  in 
the  mandibular  premolar  rejfion  of  the  mouth  are  the  linfrual  and  bueeal  plates 
of  the  alveolar  process  nearly  parallel.  This  parallelism  is  desirable  for  accurate 
and  reproducible  measurement  of  the  thickness  of  the  alveolar  process.  (3)  The 
location  of  this  test  area  is  iKUinded  hy  the  location  of  the  premolars.  Premolars 
usually  are  retained  loufj  after  the  molars  have  been  lost  and  thereby  permit 
me^isurements  to  be  made  over  a  wider  aj;e  ranjje  of  patients.  (4)  The  pene¬ 
trometer’  is  retained  in  the  mouth  by  having;  the  patient  bite  jrently  upon  it. 
Since  the  premolars  are  usually  retained  lonjjer  than  the  molars,  they  are  avail¬ 
able  to  older  patients  for  holdins;  the  penetrometer  in  the  mouth.  (5)  The  test 
area  is  located  almve  the  mental  foramen,  therefore  no  interference  is  encoun¬ 
tered  with  the  foramen  or  other  normal  anatomic  landmark.  (6)  Approximately 
uniform  filtration  is  afforded  the  test  area  and  the  penetrometer  by  the  lip  tissue. 
It  is  assumed  that  the  liufrual  and  bueeal  mucosa  in  this  refjion  are  free  of 
deposited  fat  and  are  of  uniform  thickness. 


Kig.  3. — Penetrometer  used  for  measuring:  the  thickness  and  radiopacity  of  osseous  tissue. 

The  osseous  tissue  penetrometer,  shown  in  Fig.  3,  is  an  elaborate  film  holder 
composed  of  a  bite-bloek  (A)  containing  the  step-wedge  {B),  an  outside  caliper 
with  one  stationary  tip  (C),  and  one  movable  tip  {D).  The  arm  which  carries 
the  movable  tip  (D)  is  calibrated  along  {E)  into  one-millimeter  divisions.  The 
openings  in  the  caliper  tips  have  a  common  axis  and  their  relative  sizes  are 
designed  to  make  it  imjiossible  to  direct  the  x-ray  beam  simultaneously  through 
Imth  rings  unless  the  direction  is  within  approximately  3^/^  degrees  of  being 
perpendicular  to  the  film.  This  geometric  limitation  on  the  size  of  the  rings 
provides  a  means  for  checking  the  direction  of  the  x-ray  beam  used  iii  producing 
each  test  radiograph. 

The  following  five  considerations  led  to  choosing  the  lip  tissue  which  covers 
the  mandibular  right  first  premolar  as  the  site  of  the  soft  tissue  measurements: 
(1)  This  area  lies  approximately  over  the  site  of  the  osseous  tissue  measurements. 
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(2)  The  ai’ea  is  eaxily  aceesMihle  when  the  patient  is  s«'ate<l  in  the  dental  chair, 
(;i)  The  tissue  in  this  retjion,  because  of  its  uniformity  of  thickness,  affords  uni¬ 
form  filtration  of  the  x-ray  beam  from  the  apex  of  the  nsd  to  the  occlusal 
surface  of  the  first  premolar.  (4)  No  interference  from  anatomic  landmarks  such 
as  the  buccal  fat  pad  is  encountered.  (5)  The  penetrometer  is  retained  in  the 
mouth  by  havinjf  the  patient  bite  ffcntly  upon  it.  Since  the  premolars  usually 
are  maintained  in  the  jaws  lonjfer  than  the  molars,  they  are  available  for  hold¬ 
ing  the  penetrometer  in  the  mouths  of  older  patients. 

The  soft  tissue  penetrometer,  shown  in  Fi>f.  4,  is  an  elalxirate  film  holder 
eompose<l  of  a  bite-block  (A),  a  step-wed>fe  (It)  and  an  outside  caliper  with 
one  stationary-  tij)  (C),  one  movable  tip  {!>),  and  a  calibrated  millimeter  scale 
at  (A’).  Since  the  lip  tis.sue  is  compressible  to  a  certain  extent,  it  is  difficult  to 
measure  its  thickness  accurately.  To  overcome  this  difficulty  of  mea.surin",  a 
compression  sprinf?  {F)  is  used.  When  sufficient  comj)ressive  force  is  exertetl 
to  collapse  (F)  a>?ainst  (D),  the  thickness  of  the  lip  is  indicated  at  (F).  This 
same  compressive  force  is  duplicated  in  each  soft  tissue  measurement. 


Fig.  4. — Penetrometer  used  for  measuring  the  thickness  and  ra<nopacity  of  soft  tissue. 

The  openinprs  in  the  caliper  tips  have  a  common  axis  and  their  relative 
sizes  are  designed  to  make  it  impossible  to  direct  the  x-ray  beam  simultaneously 
through  }x)th  rings  unless  the  direction  is  within  approximately  7  degrees  of 
being  perpendicular  to  the  film.  This  geometric  limitation  on  the  size  of  the 
rings  provides  a  means  for  checking  the  direction  of  the  x-ray  beam  ust‘d  in 
producing  each  test  radiograph. 

Step-wedge  Theory. — The  theory  of  the  step-wedge  has  l>een  investigatetl 
thoroughly  and  descril>ed  by  Hodge  and  Warren,-*  Their  experimental  work 
indicates  that  the  mass  absorption  cm'fficients  and  densities  of  the  tissue  to  Ih‘ 
studied  and  of  the  step-wedge  must  be  nearly  identical  for  ab.solute  (piantitative 
measurements.  However,  for  practical  purposes  it  would  lx*  hard  to  realize  this 
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ideal  relationship  between  the  properties  of  the  step-wedge  and  tissue  because 
it  would  be  difficult  to  determine  the  over-all  mass  absorption  coefficient  and 
density  for  the  heterogeneous  soft  and  osseous  tissues  comprising  the  alveolar 
process' 

Bone  scatters  x-radiation  to  the  same  extent  as  does  aluminum,  whereas 
water  or  soft  tissue  scatters  more  than  either.  If  only  bone  were  to  be  in¬ 
vestigated,  pure  aluminum  would  be  the  ideal  material  for  constructing  the 
step-wedge,  but  this  step-wedge  would  not  be  accurate  for  work  with  soft 
tissue.  Since  soft  tissue  scatters  a  larger  proportion  of  the  x-radiation  than 
does  aluminum,  more  scattered  radiation  from  the  soft  tissue  than  from  alu¬ 
minum  would  reach  the  film  and  the  soft  tissue,  therefore,  would  appear  to  be 
less  radiopaque  than  it  really  is.  Regardless  of  these  difficulties,  the  step-wedge 
made  of  aluminum  alloy  can  he  used  under  certain  conditions  to  compare  the 
relative  radiopacities  of  individuals. 

A  series  of  tests  was  made  on  a  dried  mandihle  to  determine  the  range  of 
conditions  under  which  the  penetrometer  would  yield  consistent  results.  In 
these  tests  the  primary  voltage,  exposure  time,  and  developing  time  were  varied 
independently  to  determine  their  effect  on  the  constancy  of  the  radiopacity  of 
the  specimen.  The  results  of  these  tests  indicated  that  the  radiopacity  of  the 
specimen,  measured  in  terms  of  equivalent  thickness  of  aluminum  alloy,  re¬ 
mained  •  constant  for  the  following  range  of  conditions :  primary  voltage, 
110  ±  4  volts;  exposure  time,  2^^  ±  I/2  seconds;  and  developing  time,  3  ±  1 
minutes. 

EXPERIMENTAL  PROCEDURES 

The  soft  tissue  penetrometer  (Fig.  4)  is  positioned  with  its  bite-block  (A) 
retained  between  the  maxillarj’  and  mandibular  right  premolars.  Stationary 
cAliper  tip  (C)  contacts  the  lingual  surface  of  the  lip  and  eompres.sion  spring 
(F),  collapsed  against  movable  caliper  tip  (D),  contacts  the  exterior  surface 
of  the  lip.  The  lip  thickness  is  indicated  at  (F).  A  14-ineh  focal  skin  distance 
is  used  with  the  rays  directed  perpendicular  to  the  film.  The  lip  does  not  cover 
the  penetrometer  at  (B).  After  the  film  is  exposed  at  110  volts  (63  KVP)  and 
10  milliamperes,  it  is  carefully  processed  in  fresh  solutions  according  to  the 
time-temperature  method. 

The  osseous  tissue  penetrometer  (Fig.  3)  is  positioned  in  the  mandibular 
right  premolar  region  with  its  bite-block  (A)  retained  between  the  maxillary 
and  mandibular  premolars.  Stationary  caliper  tip  (C)  and  movable  tip  (D) 
contact  the  lingual  and  buccal  mucosa,  respectively,  over  the  region  situated  be¬ 
tween  the  roots  of  the  premolars.  A  small  cotton  roll  is  used  under  the  bite- 
block  to  prevent  the  tips  of  the  caliper  from  extending  too  deeply  into  the 
mouth.  The  thickness  of  the  mandible  is  indicated  at  (E).  A  14-inch  focal 
skin  distance  is  used  with  the  x-rays  directed  perpendicular  to  the  film.  The 
lip  covers  both  movable  tip  (D)  and  step-wedge  (B).  After  the  film  is  exposed 
at  110  volts  (63  KVP)  and  10  milliamperes,  it  is  carefully  processed  in  fresh 
solutions  according  to  the  time-temperature  method. 

It  is  impossible  visually  to  compare  the  photographic  density  caused  by 
the  alveolar  process  with  the  photographic  densities  caused  by  the  individual 
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steps  of  the  step-wedge  l)eoau8e  the  former  has  the  pattern  of  the  trabeculae 
of  Iwne  appearing  in  it  while  the  latter  is  entirely  uniform  in  appearance.  This 
difficulty  of  comparison  is  overcome  by  using  a  photoelectric  densitometer  which 
indicates  the  average  photographic  density  value  of  the  test  area,  and  then  this 
average  value  can  be  compared  easily  with  the  standard  photographic  densities 
under  the  step-wedge. 

Computation  of  Test  Results. — It  is  uncommon  to  find  the  average  photo¬ 
graphic  density  of  the  test  area  to  be  exactly  e<|ual  to  the  photographic  density 
under  any  one  step  of  the  step- wedge,  so  mathematical  interpolation  must  be 
used  frequently.  An  example  of  the  process  of  interpolation  is  presented. 


Fig.  5.  Fig.  6. 

Fig.  5. — Radiograph  made  of  soft  tissue  and  the  penetrometer  shown  in  Fig.  4. 

Fig.  6. — ^Rad'jgraph  made  of  osseous  tissue  and  the  penetrometer  shown  in  Fig.  3. 

The  test  radiograph  of  the  soft  tissue  shown  as  Fig.  5  was  made  of  an  in¬ 
dividual  whose  lip  thickness  was  4.5  mm.  The  photographic  density  of  the  test 
area  of  soft  tissue  measured  1.130  density  units.  The  photographic  densities 
of  the  two  standard  steps  which  correspond  closest  to  that  of  the  soft  tissue 
follow : 

Step  1  4.5  mm.  of  soft  tissue  Step  2 

Film  density  1.180  1.130  0.930 

.\lloy  thickness  0.30  mm.  X  mm.  0.50  mm. 

1.180-1.130  _  0.30 -X 
1.180  -  0.930  ~  0.30  -  0.50 
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0.050  _  0..10-X 
0.250  ■“  -  0.20 

-  .04  =  0.30 -X 
X  =  0.34  mm. 

By  this  proce.ss  it  has  been  determined  that  0.34  mm.  aluminum  alloy  would 
produce  the  same  photofjraphic  density  as  4.5  mm.  of  lip  tissue.  Their  radio- 
pacities  would  be  similar,  subject  to  the  (lualifications  stated  previously. 

The  test  radiograph  of  osseous  tissue  shown  as  Fig.  6  was  made  of  an  in¬ 
dividual  whose  mandible  measured  8.0  mm.  in  thickness.  The  photographic 
density  of  the  test  area  of  os.seous  tissue  measured  0.815  density  units.  The 
photographic  densities  of  the  two  standard  steps  which  correspond  closest  to 
that  of  the  osseous  tissues  follow : 

Step  4  8.0  mm.  of  osseous  tissue  Step  5 

0.895  0.815  0.760 

2.94  mm  X  mm.  3.65  mm. 

0.895-0.815  _  2.94 -X 
0.895  -  0.760  ~  2.94  -  3.65 
0.080  2.94  -  X 

0.135  =  -0.71 

X  =  3.36  mm. 

These  calculations  indicate  that  3.36  mm.  of  aluminum  alloy  would  l)e  the 
radiographic  equivalent  of  8.0  mm.  of  os.seous  tissue  of  the  mandible,  since 
each  would  produce  a  photographic  density  of  0.815  density  units  when  radio¬ 
graphed  together. 

The  radiopacities  of  two  individuals  wdio  have  tissues  of  similar  thicknesses 
can  be  evaluated  by  comparing  their  equivalent  thicknesses  in  aluminum  alloy 
or  by  comparing  the  amount  of  x-radiation  each  transmits.  The  chart  in  Fig. 
2  is  useful  for  translating  the  thickness  of  aluminum  alloy  into  percentage  of 
transmitted  x-radiation.  In  the  example  for  soft  tissue  the  equivalent  thickness 
of  alloy  w'as  0.34  mm.,  which  allows  58  per  cent  of  the  incident  x-rays  to  be 
transmitted  through  it.  The  3.36  mm.  alloy  equivalent  of  the  osseous  tissue 
would  allow’  9.2  per  cent  of  the  incident  x-rays  to  be  transmitted  through  it. 

Original  Data. — Radiopaeity  measurements  of  the  lip  and  mandible  were 
made  of  Caucasian  males  and  females  with  an  age  range  of  10  to  80  years. 
Some  of  the  individuals  were  large  boned,  others  thin  boned,  some  had  lean 
faces  and  others  obese,  but  the  majority  of  the  individuals  w’ould  be  classified 
intermediate  to  these  extremes.  The  data  were  broken  down  into  the  following 
categories:  Age,  15  years  and  younger;  age,  50  years  and  older;  lean,  facial 
type,  any  age;  obese,  facial  type,  any  age;  average  female,  aged  16  to  49  years; 
average  male,  aged  16  to  49  years. 

A  scatter  diagram  (Fig.  7)  results  when  the  radiopaeity  of  the  osseous 
tis.sue,  represented  by  the  equivalent  thickness  of  aluminum  alloy,  is  plotted  as 
a  function  of  the  tissue’s  thickness  for  individuals  15  years  old  and  younger. 
It  appears  from  the  distribution  of  the  points  that  the  relationship  between 
the  radiopaeity  and  the  tis.sue’s  thickness  rea.sonably  could  be  described  by  a 
straight  line.  The  equation  for  this  straight  line  or  line  of  regression  is  deter¬ 
mined  by  the  method  of  least  squares  in  Table  I. 


Photographic  density 
Thickness  of  step 
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In  Table  I,  Y  =  a  +  bX  and  XY  =  aX  +  bX*  are  the  generalized  equations 
for  the  line  of  regression. 

Y  —  a  +  bX  XY  =  aX  +  bX* 

54.97  —  15a  +  38b  150.59  =  38a  ^  153.50b 

Upon  solving  these  two  ecjuations  simultaneously,  the  formula  for  the  line 
of  regression  shown  in  Fig.  7  is  found  to  be 

Y  =  3.16  +  0.20X  (for  a  base  X  =  10). 

The  standard  deviation  of  the  value  of  Y  is  a  Y. 

(5  Y  deviation)*  _  /  4.36 

N  ^  “  \ 

The  standard  deviation  of  the  value  of  X  is  a  X. 

(2  X  deviation)*  _  /  57.21 

N  “  \  15"“ 


=  0.54. 


=  1.96. 


Fig.  7. — Scatter  diagram  resulting  when  radiopacity  of  mandible  is  plotted  against  thick¬ 
ness  of  mandible  for  patients  15  years  of  age  and  younger.  Line  of  regression  was  determined 
by  the  method  of  least  squares. 


A  coefficient  of  correlation,  r,  can  be  determined  which  is  an  indication  of  how 
closely  the  line  of  regression  fits  the  data. 


2  XY  2  X 

2  Y  150.59 

/  38.0  \ 

/  54.97  \ 

N  N 

N  15 

V  15  j 

V  15  J 

.7  X  .  <7  Y  (1.96)  .  (0.54) 


The  standard  error,  a,  of  the  trend  or  slope  of  the  line  of  regression  is  deter¬ 
mined  by  the  following  eijuation : 


^  .7  Y  / 1  -  r*  ^  0.538  / 1  -  (0.742)* 

‘"“■-(7X  \  N  ~  -  1.955  \  15 

Trend  or  slope  =  b  =  0.20. 

Standard  error  of  trend  =  <7  =  ±  0.05. 


=  ±  0.05. 


As  shown  in  Table  I,  the  trend  is  statistically  significant  because  a  factor 
of  4  times  the  standard  error  equals  the  trend.  A  factor  of  3  is  considered 
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Table  I 


Method  of  Least  Squares  (Individual  15  Years  of  Age  and  Younger) 


PATIENT 

NUMBER 

SEX 

MANDIBLE 

THICK¬ 

NESS 

(mm.) 

x  = 

MANDIBLE 

THICKNESS 

BASE 

X=:10 

THICKNESS 

OF  ALLOY 
EQUIVALENT 
TO  RADIO- 
PACITY  OF 
MANDIBLE 

Y  (MM.) 

XY 

X2 

(Y  DE¬ 
VIA¬ 
TION)* 

(X  DE¬ 
VIA¬ 
TION)* 

1 

F 

15.0 

5.0 

4.15 

25.00 

0.24 

2 

M 

15.0 

5.0 

25.00 

3 

F 

0.00 

HS|i « 

6.40 

4 

M 

14.5 

4.5 

3.53 

15.89 

20.25 

HijSw 

3.88 

5 

F 

11.0 

1.0 

4.02 

4.02 

1.00 

0.13 

2.34 

0 

F 

12.0 

2.0 

3.41 

6.82 

4.00 

0.06 

0.28 

7 

F 

9.0 

-1.0 

3.10 

-3.10 

1.00 

0.31 

12.45 

8 

M 

14.0 

4.0 

3.97 

15.88 

16.00 

0.09 

2.16 

9 

M 

13.0 

3.0 

3.16 

9.48 

9.00 

0.25 

0.22 

10 

F 

10.0 

0.0 

3.25 

0.00 

0.00 

0.17 

6.40 

11 

M 

14.0 

4.0 

3.56 

14.24 

16.00 

0.01 

2.16 

12 

F 

14.0 

4.0 

4.44 

17.76 

16.00 

0.61 

2.16 

13 

M 

10.5 

0.5 

2.83 

1.41 

0.25 

0.69 

4.12 

14 

F 

14.0 

4.0 

4.06 

16.24 

16.00 

0.16 

2.16 

15 

F 

12.0 

2.0 

3.60 

7.20 

4.00 

0.00 

0.28 

Total 

Mean 

188.0 

12.5 

38.0 

2.5 

54.97 

3.66 

150.59 

153.50 

4.36 

57.21 

sufficient  for  statistical  significance  and  would  indicate  that  this  trend  would 
arise  by  chance  only  once  in  333  times. 

The  data  and  their  analyses  for  the  other  Caucasian  categories  are  listed 
ill  Tables  II  to  VI. 

The  trend  as  shown  in  Table  III  is  highly  significant  because  a  factor  of 
8  times  the  standard  error  equals  the  trend,  W'hereas  only  a  factor  of  3  is  con¬ 
sidered  necessary  to  indicate  statistical  significance. 

T.ABLE  II 

Facial  Type  in  Individuals  50  Years  of  Age  and  Older 


PATIENT 

NUMBER 

SEX 

FACIAL  TYPE 

MANDIBLE 

THICKNESS 

(MM.) 

THICKNESS  OF  ALLOY 
EQUIVALENT  TO 
RADIOPACITY  OP 
MANDIBLE  (MM.) 

1 

M 

Average 

15.0 

6.01 

2 

M 

Average 

12.0 

3.77 

3 

M 

Lean 

14.0 

6.75 

4 

F 

Obese 

12.0 

3.30 

5 

M 

Average 

12.5 

4.76 

6 

F 

Obese 

11.5 

3.85 

7 

M 

Obese 

12.0 

3.13 

8 

M 

Lean 

11.5 

4.71 

9 

M 

Average 

16.0 

6.75 

10 

F 

Average 

12.0 

4.12 

11 

M 

Lean 

10.5 

4.0,1 

12 

F 

Average 

11.0 

3.31 

13 

F 

Average 

13.0 

4.38 

14 

F 

Average 

10.0 

2.71 

15 

M 

Average 

11.0 

3.45 

Total 

184.0 

65.01 

Mean 

12.3 

4.33 

Y 

=  2.81  +  0.67X 

a  Y 

=  1.22 

0  X 

=  l.-IS 

r 

=  0.80 

a 

=  ±0.12 

b 

=  0.67 

Equation  for  line  of  reRresaion  for  baac  X  =  10. 
•Standard  deviation  of  Y. 

Standard  deviation  of  X. 

Coefficient  of  correlation. 

Standard  error  of  trend. 

Trend  or  slope  of  line  of  regression 


Table  III 
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0.55  Coefficient  of  correlation. 

+0  07  Standard  error  of  trend. 

0*23  Trend  or  slope  of  line  of  ref^ression. 


MANI>IBIiE  I  THICKNESS  OE  ALLOY  I  I  I  MANDIBLE  I  THICKNESS  OF  ALLOY 
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The  trend  shown  in  Table  IV  is  significant  because  3  times  the  standard 
error  equals  the  trend.  A  factor  of  3  is  considered  sufficient  for  statistical 
significance. 

The  trend  as  shown  in  Table  V  is  not  quite  significant  because  2^  times 
the  standard  error  equals  the  trend.  A  factor  of  3  is  considered  the  minimum 
to  indicate  statistical  significance  in  this  study. 

The  trend  shown  in  Table  VI  is  not  significant  because  the  standard  error 
equals  the  trend.  Only  when  at  least  3  standard  errors  equal  the  trend  is  the 
trend  statistically  significant. 

The  data  regarding  the  radiopacity  of  the  soft  tissue  were  analyzed  in  the 
same  manner  as  the  data  for  the  osseous  tissue.  A  line  of  regression  was  deter¬ 
mined  for  the  soft  tissue  (Fig.  8)  which  has  the  following  formula:  Y  =  0.15 
+  0.055X. 


Figr.  8. — Radiopacity  of  lip  tissue  as  a  function  of  thickness  of  lip. 


CONCLUSIONS  AND  APPLICATION  OF  RESULTS 

The  various  lines  of  regression  for  the  different  categories  of  patients 
are  plotted  in  Fig.  9.  The  positive  slopes  of  the  lines  in  this  graph  indicate 
the  radiopacity  of  the  mandible  increases  with  thickness  of  bone.  It  is  of  inter¬ 
est  to  note  that  the  radiopacities  of  the  individual  of  lean  facial  type  and  of 
patients  aged  50  years  and  older  increase  very  rapidly  with  increasing  thickness 
of  bone,  whereas  those  for  individuals  of  the  obese  facial  type  and  of  children 
aged  15  years  and  younger  increase  much  more  slowly.  The  radiopacities  of  the 
average  facial  type  of  both  male  and  female  were  found  to  vary  widely  between 
the  two  lines  which  pertain  to  the  lean  and  obese  facial  types. 

Visual  examination  of  the  radiographs  produced  of  patients  whose  man¬ 
dibles  transmitted  6.4  ±  1.6  per  cent  of  the  x-radiation  incident  upon  them  in¬ 
dicated  that  standard  exposures  can  be  given  these  patients  when  63  KVP  and 
10  ma.  are  used.  Some  overexposure  or  underexposure  of  the  film  can  be 
tolerated  and  will  still  result  in  a  good  radiograph  because  of  the  exposure 
latitude  possessed  by  the  radiographic  film.  Two  horizontal  lines  are  drawn 
across  the  graph  in  Fig.  9  to  indicate  the  range  of  patients  and  thicknesses  of 
mandible  which  can  be  radiographed  with  63  KVP,  10  ma.,  and  standard  ex¬ 
posures. 
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Patients  of  the  lean  facial  type  or  those  who  are  50  years  old  and  over, 
and  whose  mandible  thickness  is  greater  than  approximately  13  mm.,  are  so 
radiopaque  that  they  transmit  less  than  4.8  per  cent  of  the  incident  x-radiation. 
When  radiop:raphs  are  made  of  such  radiopa(pie  patients  with  63  KVP,  10  ma., 
and  standard  exposures,  they  invariably  are  too  thin  or  lijjht.  These  patients 
can  be  radiographed  successfully  with  70  KVP,  10  ma„  and  standard  exposures. 
Intermediate  voltage  may  be  used  with  borderline  cases. 

Categories  of  patients  exhibiting  greater  than  8  per  cent  transmission  are 
so  lacking  in  normal  radiopacity  that  radiographs  made  of  them  with  63  KVP, 
10  ma.,  and  standard  exposures  are  too  dense  or  dark.  Such  patients  can  be 
radiographed  successfully  with  55  KVP,  10  ma.,  and  standard  exposures.  The 
anterior  teeth  of  patients  of  the  obese  facial  type  can  be  successfully  radio¬ 
graphed  with  the  technical  factors  determined  from  Fig.  9.  However,  the 
x-ray  absorption  of  the  thick  buccal  fat  pad  necessitates  the  addition  of  approxi¬ 
mately  5  kv.  to  the  indicated  voltage  to  radiograph  adecpiately  the  posterior 
teeth. 


FiK.  9. — Radiopacity  of  mandible  as  a  function  of  thickness  of  mandible  for  various 
categories  of  Caucasians.  Various  kilovoltages  are  suggested  to  compensate  for  differences  in 
the  radiopacities  of  patients. 


Measurements  of  radiopacity  were  also  made  on  a  limited  number  of  Negro 
and  Chinese  patients.  In  general,  the  relationships  between  the  categories  of 
patients  were  similar  to  those  presented  in  Fig.  9  for  Caucasian  patients,  but 
in  both  the  Negro  and  (.’hinese  groups  some  extremely  high  radiopacity  values 
were  encountered.  Higher  voltages  than  are  now  available  with  conventional 
dental  x-ray  units  would  lie  necessary  adeipiately  to  penetrate  such  radiopaque 
individuals.  The  average  thickness  of  mandible  for  the  small  Negro  group  was 
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trroater  than  that  of  the  Caucasian  "loiip.  The  ra(lioi)acity  of  the  lip  tissue 
increased  with  thickness  of  tissue  but  appeared  to  he  independent  of  age,  sex, 
facial  type  or  race.  Therefore,  the  skin  with  its  pigmentation  and  the  soft  tissue 
and  mucosa  of  the  cheek  or  lip  are  not  the  factore  which  account  for  the  wide 
variations  found  in  the  appearance  of  comparable  radiographs  of  individuals. 
The  factors  which  cause  one  individual  to  l)e  more  radiopaque  than  another  are 
contained  in  the  alveolar  process.  These  factors  are  possibly  the  over-all  thick¬ 
ness  of  the  bone,  the  thickness  of  the  lingual  and  buccal  cortical  plates,  and  the 
size  of  the  marrow  spaces  and  the  thickness  of  the  trabeculae  of  the  bone. 

In  addition  to  the  use  of  the  osseous  tissue  penetrometer  for  solving  radio- 
graphic  problems,  it  has  been  useful  in  determining  the  response  of  bone,  meas¬ 
ured  as  radiopacity  of  bone,  to  stresses  introduced  by  partial  denture  appliances. 
Radiopacity  measurements  were  also  made  monthly  on  one  young  woman  for  a 
portion  of  her  term  of  pregnancy  and  changes  in  the  mandible  were  demon¬ 
strated.  It  is  possible  that  future  applications  of  the  penetrometer  in  modified 
form  lie  in  the  fields  of  endodontia,  oral  surgery,  and  orthodontics. 

Summary- 

Two  penetrometers  are  described  which  permit  the  measurement  of  the 
radiopacity  of  the  soft  and  osseous  tissues  of  the  lip  and  mandible.  Data  are 
presented  which  indicate  how  the  tube  voltage  should  be  changed  to  produce 
radiographs  of  uniform  density  on  a  variety  of  types  of  patients.  Additional 
uses  for  penetrometers  also  are  listed. 
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THE  INCIDENCE  OF  DENTAL  CARIES  IN  CARIES-SUSCEPTIBLE 
AND  CARIES-RESISTANT  ALBINO  RATS  (RATTUS  NORVEOICUS) 
WHEN  FED  DIETS  CONTAINING  GRANULATED  AND 
POWDERED  SUCROSE 

W.  H.  STEWART,  C.  A.  HOPPERT,  AND  H.  R.  HUNT 

From  the  Departments  of  Zoology  and  Chemistry,  Michigan  State  College, 

East  Lartsing,  Mich. 

INTRODUCTION 

Hunt  and  Hoppert  have  established  the  fact  that  heredity  is  an  important 
factor  in  the  development  of  dental  caries  in  albino  rats.  The  diet  they 
used  consisted  of  66  per  cent  coarsely  ground  rice,  30  per  cent  powdered  whole 
milk,  3  per  cent  alfalfa  meal,  and  1  per  cent  sodium  chloride.^  ®  The  question 
arises  as  to  whether  the  hereditary  difference  observed  is  specific  for  the  above 
diet,  or  whether  it  persists  when  various  other  diets  are  used.  This  is  the 
subject  of  the  present  investigation. 

Hunt  and  Hoppert  have  observed  more  than  8,600  caries-resistant  and 
caries-susceptible  rats  in  their  genetic  study  of  dental  caries.  They  have 
show'll  that  use  of  molar  teeth  predisposes  to  caries,^  that  sex  is  not  important,® 
and  that  age  appears  to  increase  slightly  the  resistance  to  caries  in  susceptible 
rats.® 

Population  studies  have  shown  that  there  is  an  increase  in  the  incidence 
of  caries  when  sugar  and  refined  carbohydrates  are  consumed  by  human 
beings.**’  This  would  suggest  that  a  high  concentration  of  sugar  in  the  diet 
would  produce  dental  caries.  However,  some  individuals  are  highly  resistant 
to  caries  even  when  eating  a  large  amount  of  sugar.*® 

Sognnaes  found  that  a  nutritionally  adequate  purified  diet  of  high  sucrose 
content  produced  noticeable  caries  if  fed  before  tooth  eruption  in  rats.*®  This 
fact  raises  the  question  as  to  whether  the  hereditary  difference  found  between 
the  Hunt-Hoppert  caries-resistant  and  caries-susceptible  strains  of  rats  would 
persist  w’hen  the  animals  are  fed  a  diet  similar  to  that  used  by  Sognnaes  ex¬ 
cept  for  its  content  of  several  natural  products. 

PROCEDURE 

To  produce  rats  for  this  investigation,  breeders  were  obtained  from  Hunt 
and  Hoppert ’s  seventeenth  and  twenty-first  generation  resistant  and  sus¬ 
ceptible  rats,  respectively,  in  October,  1950.  The  breeders  were  continued 
on  the  ration  containing  finely  ground  rice  which  has  been  used  for  the  last 
six  generations.  Also,  the  same  environmental  controls  prevailed  which  have 
been  maintained  during  the  fifteen  years  of  the  genetic  study.  The  litters 
were  put  on  the  experimental  diets  at  25  days  of  age,  the  animals  being  divided 
into  four  groups  as  follows:  (1)  susceptible  rats  fed  the  sucrose  diet 

I  Received  for  publication,  July  30,  1952. 
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(^roup  Ss),  (2)  susceptible  rats  continued  on  the  ration  used  by  Hunt  and 
Hoppert  containing  finely  ground  rice  (group  Su),  (»1)  resistant  rats  fed  the 
sucrose  diet  (group  Rs),  and  (4)  resistant  rats  continued  on  the  fine  rice 
diet  (group  Rr).  The  numbers  of  rats  in  each  group  are  given  in  the  ordinants 
of  Fig.  1.  The  composition  of  the  granulated  sucrose  diet  is  given  in  Table  I. 


CARIES  TIME 

Fig.  1. — Comparison  of  susceptible  and  resistant  rats  fed  diets  containing  granulated  sucrose 

and  fine  rice. 

Observations  for  cavities  were  made  at  two-week  intervals  by  one  of  the 
authors  (C.  A.  H.).  The  caries  time  in  this  experiment  was  the  number  of  days 
elapsing  from  the  date  the  rat  was  put  on  the  experimental  diet  to  the  first 
positive  evidence  of  caries  in  the  lower  molars.  The  rats  were  usually  killed  at 
the  time  of  the  first  positive  observation  and  the  heads  were  preserved  in  alco¬ 
hol.  The  soft  tissue  of  the  upper  and  lower  jaws  was  removed  and  the  molars 
were  observed  with  a  binocular  microscope. 

OBSERVATIONS 

Fig.  1  shows  the  striking  differences  between  the  susceptible  and  re¬ 
sistant  lines  for  both  rations.  The  real  differences  between  the  two  lines  are 
underestimated  because  some  of  the  resistant  rats  were  still  caries-free  at  the 
termination  of  the  experiment  when  some  of  them  had  attained  an  average  age 
of  500  days.  In  the  calculations  these  animals  were  considered  as  having 
caries  at  the  time  of  death.  A  summary  of  the  observations  is  given  in 
Table  III. 

F  and  T  tests  of  the  differences  between  groups  Sg  and  Rg;  Sr  and  Rr  are 
as  follows: 

GROUP  r  T  MEAN  PIPE. 

8,  and  Eg  7.71  19.89  275.5  days 

S|  and  R.  9.72  28.04  313.8  days 
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TABt.E  1 

GKANUliATED  Sl'CROSE  DIET 


PER  CENT 


Granulated  beet  sugar  (Michigan  beet)  57 

“Fine”  rice*  10 

Gasein  18 

Corn  oil  (Mazola)  2 

Brewers  ’  yeast  5 

Alfalfa  meal  5 

Salt  mixture  t  3 


100 


•The  fine  rice  used  contained  approximately  2  per  cent  of  particles  retained  by  a  29 
mesh  screen. 

tSee  Table  II. 

Table  II 

The  Sai.t  Mixti  re* 


GM. 


CaCO» 

MgCO, 

25.00 

MgS04  (anhydrous) 

16.00 

NaCl 

69.00 

KCl 

112.00 

KHjPO,  (anhydrous) 

212.00 

FePO, .  4H,0 

20.50 

MnSO^  (anhydrous) 

.35 

A1,(S04),  .  KjSO,  (anhydrous) 

.17 

CUSO4  (anhydrous) 

.90 

•This  is  a  slight 
man.” 

modification  of  the  salt  mixture  used  by  Hubbell.  Mendel,  and  Wake- 

Tabi.E  III 

SOURCE  OF  1 

CARBOHYDRATE  IN 

MEAN  CARIES  TIME 

GROUP 

THE  DIET 

NO.  OP  RATS 

(days) 

Ss 

Sucro.sp  and  6ne  rice 

44 

92.25 

Sr 

Fine  rice 

17 

58.29 

Rs 

Sucrose  and  fine  rice 

50 

367.75 

Rb 

Fine  rice 

8 

372.13 

These  mean  differences  are  all  significant  past  the  1  per  cent  level.'* 
Thus,  the  variances  and  means  are  different  for  the  resistant  and  susceptible 
rats  on  the  sugar-  and  rice-containing  diets. 

A  difference  in  the  effect  of  the  sucrose-  and  fine  rice-containing  diets  is 
noted  for  the  susceptible  animals.  Group  Su  consisted  of  a  random  sample  of 
rats  from  the  littei*s  to  which  group  Sg  belonged.  The  mean  difference  be¬ 
tween  groups  Sg  and  Sr  was  33.96  days  caries  time.  F  and  T  tests  gave  values 
of  5.32  and  4.27,  respectively,  which  are  significant. 

THE  powdf:rkd  sugar  diet 

After  the  experiment  had  been  well  under  way  it  was  decided  to  try  a 
diet  containing  powdered  rather  than  granulated  sucrose,  also  omitting  the 
fine  rice.  The  diet  listed  in  Table  IV  was  fed  to  a  group  of  susceptible  an¬ 
imals. 

This  part  of  the  experiment  was  conducted  in  the  same  manner  as  the 
previous  one.  Eleven  susceptible  rats  on  this  powdered  sucrose  diet  showed 


Volume  32  DENTAL  CARIES  IN  RATS  FED  DIETS  CONTAINING  SUCROSE 

Number  2 


213 


Table  IV 

Powdered  Sugar  Diet 

PER  cent 


(’onfectioners’*  sugar  67 

Casein  18 

Corn  oil  (Mazola)  2 

Brewers’  yeast  5 

Alfalfa  meal  5 

Salt  mixture  (modified  Hubbell)  3 


_ 100 _ 

•Confectioners’  sugar  is  a  powdered  sucrose  containing  3  per  cent  starch. 

positive  caries  on  the  average  at  65.7  days.  The  earliest  observation  of  caries 
was  37  days  after  the  rat  was  put  on  this  diet.  The  number  of  animals  in  the 
experiment  was  small  and  more  research  is  needed  to  test  the  effect  of  the 
diet.  The  data  appear  to  conflict  with  the  view  that  diets  lacking  hard  coarse 
particles  decrease  the  incidence  of  caries.  It  must  he  remembered  that  the 
animals  had  access  to  the  ration  containing  finely  ground  rice  until  they  had 
reached  the  age  of  25  days.  Whether  caries  was  initiated  by  this  early  ex¬ 
posure  to  the  fine  rice  diet  is  doubtful.  Caries  appearing  in  our  susceptible 
rats  on  this  diet  earlier  than  25  days  of  age  has  been  rare.  The  presence  of 
the  3  per  cent  of  starch  in  the  confectioners’  sugar  may  have  been  a  com¬ 
plicating  factor.  The  capacity  of  bacteria  to  induce  caries  undoubtedly  varies 
with  different  foods. 

The  ration  containing  the  powdered  sucrose  was  not  fed  to  the  resistant 

rats. 

DISCUSSION 

The  hereditary  difference  between  the  Hunt  and  Hoppert  strains  of  sus¬ 
ceptible  and  resistant  rats  was  still  apparent  on  a  diet  containing  57  per  cent 
granulated  sucrose.  The  hereditary  difference  is  not  specific  for  only  the  fine 
rice-containing  ration. 

A  difference  between  the  effects  of  the  granulated  sucrose  and  fine  rice 
diets  was  noted  in  the  susceptible  animals. 

Examination  of  the  molar  teeth  with  a  binocular  microscope  did  not  sup¬ 
port  the  theory  that  tooth  fracturing  initiates  caries.  Small  cavities  were 
consistently  seen  deep  in  the  sulci  where  fracturing  by  coarse  food  particles 
was  improbable. 

CONCLUSIONS 

1.  The  manifestation  of  the  hereditary  difference  between  the  Hunt-Hop- 
pert  caries-susceptible  and  caries-resistant  albino  rats  is  not  confined  to  the 
diet  containing  ground  rice.  A  highly  concentrated  sucrose  diet  also  reveals 
the  hereditary  difference  between  the  two  lines. 

2.  A  diet  including  confectioners’  sucrose  produced  early  caries  in  sus¬ 
ceptible  rats. 
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R.  L.  CLT8E  AND  H.  R.  HUNT 

Fr(ym  the  Department  of  Zoology,  Michigan  State  College,  East  Lansing,  Mich. 

During  the  past  fifteen  years  Hunt  and  Hoppert  have  produced  two  strains 
of  all)ino  rats  which  differ  markedly  in  susceptibility  to  tooth  de¬ 
cay.*’  Selection,  progeny  testing,  and  close  inbreeding  were  used.  The 

rats  were  fed  a  cariogenic  diet,  devised  by  Hoppert,  Webber,  and  Canniff,^’ ® 
which  consisted  of  66  per  cent  coai-sely  ground  polished  rice,  30  per  cent  whole 
milk  powder,  3  per  cent  alfalfa  leaf  meal,  and  1  per  cent  sodium  chloride  by 
weight. 

In  addition  to  demonstrating  that  heredity  is  an  important  factor  in  sus¬ 
ceptibility  to  tooth  decay  in  the  albino  rat.  Hunt,  Hoppert,  and  their  associates 
have  also  shown  that  the  use  of  the  teeth,®  the  coarseness  of  the  rice  particles 
in  the  diet,^’  ®  and  age®  are  also  contributing  factors.  Conversely,  sex®  and  the 
secretions  of  the  parotid  glands*  are  not  significant  factors  in  caries  suscepti¬ 
bility. 

The  suspicion  arose  that  the  caries-susceptible  animals  w’eighed  less  and 
had  less  hair  than  the  caries-resistant  animals.  The  purpose  of  this  investiga¬ 
tion  was  to  determine  whether  or  not  this  was  correct. 

GROWTH 

Procedure. — To  determine  the  growth  rates,  males  and  females  from  the 
twentieth  generation  of  the  susceptible  strain  and  the  sixteenth  generation  of 
the  resistant  strain  were  weighed  periodically  for  one  year.  Each  animal  was 
weighed  at  the  age  of  3  weeks  and  once  each  week  thereafter  until  it  was  28 
weeks  old.  From  the  age  of  28  to  52  weeks  the  animals  were  w’eighed  every 
fourth  week. 

Two  hundred  twelve  rats  were  used  in  determining  the  growth  rates.  All 
of  the  average  weights  were  based  on  thirty-five  or  more  animals.  Only  seven 
of  the  128  averages  obtained  were  secured  from  less  than  forty  individual 
weights. 

Results. — Fig.  1  shows  the  growth  curves  of  the  two  strains.  It  is  evident 
that  during  the  period  of  rapid  growth  the  weights  and  rates  of  growth  of  the 
two  strains  were  nearly  the  same  in  both  sexes.  The  average  weights  of  the 
males  did  not  differ  substantially  until  after  they  were  21  weeks  old.  The 
females  were  approximately  40  weeks  old  before  important  differences  in  their 
weights  occurred. 

Table  I  shows  the  results  of  a  statistical  comparison  between  the  average 
weights  of  the  two  .strains  at  various  ages.  It  will  be  noted  that  the  weight  dif- 
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ferences  do  not  become  statistically  significant  in  either  sex  until  the  relatively 
advanced  age  of  44  weeks,  at  which  time  the  susceptible  males  weighed  18.7 
grams  less  than  the  resistant  males,  and  the  susceptible  females  weighed  11.3 
grams  less  than  the  resistant  females.  Another  point  of  interest  in  Table  I  is 
the  consistently  higher  coefficient  of  variation  shown  by  the  susceptible  strain. 
This  suggests  that  their  weight  may  be  infiuenced  by  some  factor  which  does 
not  affect  the  weight  of  the  resistant  animals  to  the  same  extent. 


BODY  WEIGHT  OF  CARIES  RESISTANT  AND  CARIES  SUSCEPTIBLE  ALBINO  RATS 

Fig.  1. 


PILOSITY 

Procedure. — After  all  of  the  rats  had  been  weighed  for  one.>"ear,  100  of  them 
(twenty-five  of  each  sex  and  strain)  were  selected  for  comparifig  the  hair  den¬ 
sities  of  the  susceptible  and  resistant  lines. 

The  animals  to  be  used  in  making  the  comparison  were  chosen  as  near  to 
the  same  age  as  possible.  The  average  age  of  the  resistant  animals  was  391 
days  as  compared  with  an  average  of  388  days  for  the  susceptible  animals. 
Eighty-four  per  cent  of  the  100  animals  used  were  between  the  ages  of  386 
and  390  days.  Thus,  the  effect  of  age  was  minimized. 

Each  animal  from  which  a  hair  sample  was  to  be  taken  was  etherized  and 
the  hair  on  its  right  side  was  moistened  and  brushed.  Electric  clippers  were 
then  used  to  remove  the  hair  between  the  shoulder  and  the  flank.  After  the 
hair  was  removed  the  parallel  sides  of  the  clipped  area  were  carefully  meas¬ 
ured.  Since  the  width  of  each  area  was  constant,  and  the  length  of  the  paral¬ 
lel  sides  known,  the  total  area  could  be  easily  calculated  by  the  formula  for  the 
area  of  a  trapezoid. 

Dirt  particles  were  removed  from  the  dried  samples  which  wei-e  then 
weighed  in  milligrams  on  a  chemical  balance.  The  weight  of  each  sample  was 
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Table  I 

Comparison  Between  Average  Weights  at  Varioi’s  Ages 


strain  I 

WEEKS 

AVERAGE  1 

STAN BARB 

1  “t ’’-VALVE 

1  COEFFICIENT 

OK  VARIATION 

OK  AGE 

WEIGHT 

BEVlATION 

1  (%) 

A.  COMPARISONS  OK  AVERAGE  WEIGHTS  OK  FEMALES 

Res. 

.3 

32.6 

3.91 

.610 

11.99 

Ruse. 

33.4 

5.76 

17.25 

Res. 

8 

110.7 

11.43 

1.59 

10.33 

Ruse. 

8 

106.7 

11.95 

11.99 

Res. 

Ruse. 

21 

21 

181.1 

181.6 

13.10 

20.40 

.1.36 

7.23 

11.23 

Res. 

36 

210.7 

14.10 

1.42 

6.69 

Ruse. 

36 

205.1 

21.90 

10.65 

Res. 

40 

214.1 

15.60 

1.86 

7.29 

Ruse. 

411 

206.2 

2,3.10 

11.20 

Res. 

44 

217.9 

17.83 

2.52* 

8.18 

Ruse. 

44 

206.6 

23.27 

11.26 

Res. 

52 

224.7 

15.96 

.3.181 

7.10 

Ruse. 

52 

209.8 

25.94 

12.36 

B.  COMPARLSON8  OK  AVERAGE  WEIGHTS 

OK  MALES 

Res. 

3 

32.8 

4.84 

1.20 

14.76 

Ruse. 

3 

34.3 

6.01 

17.52 

Res. 

8 

138.85 

18.64 

.1.30 

13.42 

Ruse. 

8 

138.40 

16..32 

11.79 

Res. 

21 

305.8 

.32..36 

.151 

10.58 

Ruse. 

21 

302.5 

38.5.3 

12.74 

Res. 

36 

367.3 

41.35 

1.51 

11.26 

Ruse. 

36 

.354.0 

46.04 

13.00 

Res. 

40 

377.6 

41.10 

1.96 

10.88 

Ruse. 

40 

360.4 

46..30 

12.85 

Res. 

44 

386.7 

43.04 

2.10* 

11.13 

Ruse. 

44 

368.0 

47.21 

12.83 

Res. 

52 

403.2 

44.20 

2.771 

10.96 

Ruse. 

52 

377.7 

48.20 

12.76 

♦Signiflcant  to  the  .05  level. 
tSlRTiiflcant  at  the  .01  level. 


tlivitled  by  the  area  from  which  it  had  been  obtained,  driving  the  density  of  hair 
growth. 

Results. — The  animals  of  the  susceptible  strain,  Iwth  male  and  female,  were 
found  to  have  significantly  less  hair  than  those  of  the  resistant  strain.  Table 
II  is  a  comparison  of  the  average  hair  densities. 

When  it  had  been  established  that,  at  the  age  of  approximately  one  year, 
the  caries-susceptible  animals  weighed  less  and  had  less  hair  than  the  caries- 
resistant  animals,  it  seemed  logical  to  suppose  that  these  traits  might  be  cor¬ 
related.  However,  no  significant  coefficients  of  correlation  were  obtained. 


Table  II 

Comparison  of  Hair  Density 


NO.  OK 

RATS 

HAIR* 

BENSITY 

STANDARD 

DEVIATION 

“t”-V.ALVE 

Res.  males 

25 

8.18 

^>.19 

3.62 1 

Ruse,  males 

25 

6.30 

1.45 

Res.  females 

25 

9.26 

2.92  • 

Ruse,  females 

25 

6.36 

1.50 

4.43 1 

*Millig:rams  of  hair  per  square  centimeter  of  skin. 
fSlRniflcant  at  the  .01  level. 
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DISCUSSION 

Any  consideration  of  a  causal  relation.ship  between  susceptibility  to  tooth 
decay,  lack  of  weigrht,  and  lack  of  hair  in  the  susceptible  strain  must  take  into 
account  the  order  in  Avhich  these  phenomena  occurred. 

The  animals  used  in  this  investigation  were  not  examined  regularly  for 
caries.  However,  one  examination  was  made  to  determine  whether  or  not  these 
rats  w'ere  typical  of  their  respective  strains.  The  average  age  of  the  susceptible 
animals  at  the  time  of  examination  was  104  days.  At  this  age  eighty-seven  of  the 
animals  had  advanced  dental  caries.  The  resistant  rats  were  examined  at  an 
average  age  of  155  days  and  only  three  cases  of  doubtful  caries  were  found  among 
101  animals. 

This  suggests  that  lack  of  weight  is  an  effect  of  tooth  decay  rather  than  a 
cause.  One  might  think  that  the  failure  of  the  susceptible  rats,  when  older  than 
21  weeks,  to  gain  weight  as  rapidly  as  the  resistant  rats  was  due  to  the  destruction 
of  their  lower  molars  by  dental  caries.  This  hypothesis  is  weakened,  however,  by 
the  fact  that  the  cariogenic  diet  is  ground  to  such  a  degree  of  fineness  that  chew¬ 
ing  may  not  be  necessary. 

The  fact  that  the  caries-susceptible  animals  had  less  hair  than  the  caries-re¬ 
sistant  animals  is  of  particular  interest,  since  both  teeth  and  hair  are  derived 
from  the  ectoderm.  However,  the  data  obtained  in  this  experiment  are  not  suffi¬ 
cient  to  warrant  any  conclusion  concerning  a  possible  causal  relationship  between 
lack  of  hair  and  susceptibility  to  caries. 

As  is  well  knowm,  inbreeding  can  produce  homozygosity  for  physiologically 
unrelated  traits.  It  maj'  well  be  that  susceptibility  to  tooth  decay,  lack  of  weight, 
and  lack  of  hair  are  unrelated  traits  fixed  in  the  susceptible  strain  by  prolonged 
inbreeding. 
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THE  INFLUENCE  OF  IMPAIRED  SALIVARY  FUNI^TION  ON  DENTAL 
CARIES  IN  THE  SYRIAN  HAMSTER 

C.  E.  KLAPPER  AND  J.  F.  VOLKER 

Medical  College  of  Alabama  amd  School  of  Dentistry,  University  of  Alabama,  Birmingham,  Ala. 

Although  the  influence  of  salivary  ^land  extirj^ation  on  dental  caries  in 
the  rat  has  been  the  subject  of  considerable  investifiation,’’  ®  similar 
studies  with  the  Syrian  hamster  are  limited/  Since  the  latter  animal  is  use<I 
extensively  in  experimental  dental  caries  researches,  it  is  of  importance  to 
accumulate  information  on  the  relationship  of  the  hamster’s  salivary  jilands 
and  dental  caries.  The  study  herein  reported  was  undertaken  in  an  effort  to 
accumulate  this  type  of  information. 

TROCEDURE 

Twenty-five  Syrian  hamsters,  45  to  70  days  of  ajre,  from  our  inbred  colony, 
were  utilized.  All  of  the  major  salivary  grlands  in  each  animal  were  removed 
or  made  nonfunctional.  Under  Nembutal  anesthesia,  a  transverse  incision  was 
made  at  about  the  level  of  the  an^le  of  the  mandible.  The  submaxillary  and 
sublingual  glands  on  each  side  were  freed  by  blunt  dissection  and  removed. 
Through  the  same  incision,  by  extending  the  blunt  dissection  laterally,  the  cheek 
l*ouches  were  elevated  from  the  surface  of  the  masseter  muscle  and  the  parotid 
ducts  isolated,  ligated,  and  severed.  This  procedure  was  selected  in  preference 
to  the  extirpation  of  the  parotid  gland,  since  its  sui-gical  removal  often  results 
in  extensive  damage  to  branches  of  the  facial  nerve. 

All  animals  were  maintained,  from  weaning  until  the  time  of  the  operation, 
on  a  standard  lalmratory  diet.  This  consisted  of  a  combination  of  Purina  Lalmra- 
tory  (^how  Checkers  and  Purina  Breeder  Lay  Chow  Checkers  with  a  triweekly 
supplement  of  greens.  Water  was  available  ad  libitum. 

Immediately  following  the  operation,  the  animals  were  separated  into  three 
groups.  The  ten  animals  in  Group  I  received  a  Hoppert-Weblwr-Canniff  diet 
modified  to  consist  of  66  per  cent  sucrose,  30  i)er  cent  powdered  whole  milk, 
3  per  cent  alfalfa,  and  1  per  cent  sodium  chloride.  The  ten  animals  in  Group  II 
were  fed  a  similar  Hoppert-Webber-Canniff  diet,  but  the  sucrose  was  completely 
replaced  by  cornstarch.  The  remaining  five  hamsters  comprising  Group  HI  were 
continued  on  the  original  stock  diet.  The  three  diets  were  used  because  of  their 
different  abilities  to  cause  dental  caries.  In  our  exi)erience  the  sucrose  diet  has 
been  considerably  more  cariogenic  than  the  starch  diet,  and  the  stock  diet  pro¬ 
duces  only  minimal  tooth  decay.  At  selected  intervals,  animals  serving  as  con¬ 
trols  were  sacrificed  and  the  skulls  cleaned.  Dental  caries  was  recorded  by 
examination  under  a  dissecting  microscope  at  a  magnification  of  18x. 

OBSERVATIONS 

The  results  may  be  seen  in  Tables  I,  II,  and  III,  and  in  Fig.  1.  Table  I 
summarizes  the  caries  pattern  in  the  ten  desalivated  hamsters  ingesting  the 
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Table  I 

Dental  Cakies  in  Desalivated  Hamsteks  InciEsSting  a  Suckose  Diet 


•VNIMAL 

NUMBER 

SEX 

AGE  AT 

OPERA¬ 

TION 

(DAYS) 

m 

CARIOUS 

TEETH 

NUMBER 

OP 

1  LESIONS 

LARGE 

CARIES 

MEDIUM 

CAKIES 

SMALL 

CAKIES 

CARIES 

SCORE 

536 

9 

62 

133 

12 

13 

10 

3 

53.0 

542 

3 

46 

10 

4 

6 

_ 

_ 

6 

6.0 

543 

9 

47 

101 

12 

17 

8 

5 

4 

56.5 

.544 

9 

48 

51 

12 

15 

_ 

5 

10 

22.5 

546 

$ 

49 

39 

10 

14 

2 

12 

17.0 

550 

9 

40 

108 

9 

11 

(> 

-- 

5 

35.0 

552 

$ 

41 

107 

12 

13 

12 

_ 

1 

61.0 

553 

S 

41 

lOS 

12 

12 

12 

_ 

60.0 

555 

$ 

42 

106 

12 

12 

12 

_ 

_ 

60.0 

583 

$ 

46 

27 

10 

17 

— 

4 

13 

23.0 

Total 

49  6a 

790 

105 

130 

60 

16 

54 

394.0 

Average 

46.2 

79.0 

10.5 

13.0 

6.0 

1.6 

5.4 

.39.4 

sucrose  diet.  These  animals  were  maintained  on  the  experimental  diet  for  an 
averagre  of  seventy-nine  days.  Four  of  the  animals  were  sacrificed  on  the  tenth, 
twenty-seventh,  thirty-ninth,  and  fifty-fir.st  postoperative  days,  respectively. 
This  procedure  was  followed  since  other  studies  in  these  laboratories  have  indi¬ 
cated  that  experimental  caries  occurs  at  an  accelerated  rate  on  hifjfh  sucrose  diets, 


Table  II 

Dental  Cakies  in  Desalivated  Hamsteks  Ingesting  a  High  Coknstakcii  Diet 


ANIMAL 

NUMBER 

SEX 

AGE  AT 

OPERA¬ 

TION 

(days) 

DAYS 

ON 

DIET 

CARIOUS 

TEETH 

NUMBER 

OP 

LESIONS 

LARGE 

CARIES 

MEDIUM 

CAKIES 

SMALL 

CARIES 

CARIES 

SCORE 

535 

9 

62 

133 

12 

12 

8 

4 

_ 

50 

540 

3 

66 

101 

8 

11 

1 

2 

8 

18 

540A 

3 

45 

105 

9 

16 

4 

12 

22 

545 

3 

74 

134 

11 

15 

6 

2 

7 

42 

548 

9 

39 

108 

3 

3 

_ 

3 

3 

551 

3 

42 

11 

16 

1 

4 

11 

26 

553 

9 

47 

101 

9 

16 

3 

13 

20.5 

554 

3 

42 

5 

8 

2 

_ 

6 

16 

556 

3 

41 

10 

16 

2 

2 

12 

27 

593 

3 

49 

102 

8 

9 

-.- 

— 

9 

9 

Total 

3  9  7$ 

507 

1103, 

86 

122 

20 

21 

81 

233.5 

Average 

- 

50.7 

110.3 

8.6 

12.2 

2.0 

2.1 

8.1 

23.4 

Table  III 

Dental  Cakies  in  Desalivated  Ham.sters  Ingesting  a  Stock  Labokatoky  Diet 


ANIMAL 

NUMBER 

1  SEX 

AGE  AT 

OPERA¬ 

TION 

(DAYS) 

CARIOUS 

TEETH 

SMALL 

CARIES 

CARIES 

SCORE 

517 

9 

71 

100 

1 

1 

_ 

1 

1 

522 

9 

59 

113 

7 

9 

2 

7 

12 

524 

9 

59 

132 

8 

11 

O 

9 

14 

538 

3 

61 

137 

12 

20 

3  <! 

11 

41 

539 

9 

62 

195 

4 

5 

— 

5 

5 

Total 

49  13 

312 

677 

32 

4t) 

3  10 

33 

73 

Average 

62.4 

135.4 

6.4 

9.2 

0.6  2 

6.0 

14.6 
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and  we  hoped  to  obtain  evidence  rejfardiiiff  tlie  sites  of  initial  caries  attack.  The 
rcmainini?  animals  were  continued  on  the  exi)eriment  for  at  least  100  days. 

Despite  the  early  sacrifice  of  four  hamsters,  the  animals  had,  on  an  avera|?e, 
caries  in  10.5  of  the  12  molar  teeth.  The  average  number  of  carious  lesions  per 
animal  was  13.  Six  of  these  were  large,  1.6  w'ere  medium,  and  5.4  were  small. 
The  average  caries  score,  computed  by  assigning  an  arbitrary  value  of  5,  2.5, 
and  1  to  each  large,  medium,  and  small  lesion,  respectively,  was  39.4. 

COMPARATIVE  CARIES  SCORE  OF 


SUGAR  STARCH  LAB  PELLETS 

DIET  DIET  DIET 


Fig.  1. — A  graphic  illustration  of  the  relative  amount  and  distribution  of  dental  caries 
in  groups  of  desalivated  hamsters  fed  a  high  sucrose  diet,  a  high  cornstarch  diet,  or  a  typical 
laboratory  diet.  Fach  vertical  bar  represents  the  average  caries  score  computed  for  the 
first,  second,  or  third  molar. 

Table  II  is  a  resume  of  the  findings  in  the  ten  hamsters  ingesting  the  corn¬ 
starch  diet.  All  of  the  animals  were  maintained  on  the  experimental  regime  for 
over  100  days.  It  will  be  noted  that  these  animals  had,  on  an  average,  8.6  of 
the  12  molar  teeth  with  carious  involvement.  The  number  of  carious  lesions  per 
animal  was  12.2.  Of  these,  2.0  were  large,  2.1  were  medium,  and  8,1  >vere  small. 
The  average  caries  score,  computed  on  a  comparable  basis  to  Group  I,  was  23.4. 
The  only  hamsters  developing  severe  caries  Avere  No.  535  and  No.  545.  It  should 
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be  noted  that  these  animals  were  maintained  on  the  experiment  at  least  twenty- 
five  days  longer  than  other  members  of  this  group. 

Table  III  summarizes  the  findings  for  the  five  control  hamsters  that  were 
continued  on  the  laboratory  diet  for  a  minimum  of  100  days  after  the  operation. 
They  had,  on  an  average,  6.4  carious  teeth  and  9.3  carious  lesions  per  animal. 
Of  the  lesions,  0.6  were  large,  2  were  medium,  and  6.6  were  small.  Using  our 
stated  computation,  the  caries  score  was  14.6.  It  should  be  noted  that  this 
figure  is  affected  considerably  by  the  excessive  amount  of  caries  found  in 
animal  No.  538. 

Fig.  1  shows  graphically  the  relative  amount  of  tooth  destruction  in  the 
first,  second,  and  third  molars  of  the  sucrose,  cornstarch,  and  laboratory  diet 
groups,  respectively.  In  each  group,  the  caries  score  of  the  first  molar  is  the 
greatest,  and  that  of  the  third  molar  is  the  least. 

DISCUSSION 

It  is  of  particular  interest  that  severe  dental  caries  can  be  routinely  pro¬ 
duced  in  desalivated  animals  that  are  placed  on  a  high  sucrose  diet  after  they 
are  35  days  of  age.  It  has  been  a  consistent  observ  ation  in  these  laboratories  that 
normal  hamsters  maintained  on  stock  diets  up  to  35  days  of  age  are  reasonably 
resistant  to  caries  when  subsequently  fed  high  sucrose  rations  for  a  period  of 
100  days.  It  has  been  further  noted  that  when  such  animals  do  develop  caries, 
the  greatest  involvement  is  in  the  third  molar,  and  the  first  molar  is  the  site  of 
infrequent  attack.  The  caries  pattern  observed  in  the  desalivated  animals 
resembles  that  routinely  seen  in  hamsters  which  are  placed  on  high  sucrose 
diets  as  early  as  the  tenth  day  of  age.®  In  these  animals  the  greatest  amount 
of  tooth  destruction  is  on  the  first  molar,  and  the  least  is  on  the  third. 

The  average  caries  scores  shown  in  Tables  II  and  III  indicates  that  the 
extent  of  tooth  decay  in  hamsters  maintained  on  the  starch  or  laboratorj'  diets 
can  be  elas.sified  as  minimal  to  moderate.  Presumably,  the  cariogenic  agent  in 
these  diets  is  the  polysaccharide  component.  If  our  present  concept  of  caries 
etiology  is  correct,  this  polysaccharide  is  hydrolyzed  by  salivary  amylase  to  more 
simple  carbohydrates  and  these  in  turn  are  ultimately  converted  to  organic 
acids  by  bacterial  enzymes.  Since  in  these  experimental  animals  the  major 
salivary  glands  have  been  removed  or  rendered  nonfunctional,  the  usual  source 
of  amylase,  the  saliva,  has  been  drastically  reduced.  The  occurrence  of  caries 
suggests  that  under  these  conditions  the  hydrolysis  of  the  starch  and  possibly 
other  polysaccharides  is  accomplished  by  the  oral  bacterial  amylases.  It  must, 
however,  lie  borne  in  mind  that  certain  minor  salivary  glands  are  intact  and  mav 
contribute  to  the  process. 

Finally,  it  is  pertinent  to  mention  the  preliminary  observations  made  on 
those  Group  I  animals  that  were  sacrificed  on  the  tenth,  twenty-seventh,  twenty- 
ninth,  and  fifty-first  days  after  the  operation.  The  caries  pattern  in  these 
animals  discloses  that  the  primary  lesion  occurs  at  the  cemento-enamel  junction 
of  the  first  molar  and  spreads  circumferentially  around  the  tooth.  Shortly 
after  the  first  molar  has  been  attacked,  a  similar  lesion  tends  to  develop  on  the 
second  molar.  Provided  the  animal  is  continued  on  the  diet  for  an  extended 
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])eriod,  the  thiixi  molar  underfjoes  comparable  changes.  This  suggests  that  the 
cervical  area,  especially  of  the  first  molar,  is  the  most  caries-susceptible  region  of 
the  mature  hamster  molars.  It  contrasts  with  our  findings  that  the  buccal 
groove  of  the  second  molar  and  the  occlusal  surface  of  the  third  molar  are  the 
areas  of  most  frequent  attack  in  young  hamsters  with  normal  salivary  glands. 


CONCLUSION 

A  study  has  been  made  of  the  effect  of  desalivation  on  the  dental  caries 
susceptibility  of  twenty-five  mature  Syrian  hamsters.  Operated  animals  main¬ 
tained  on  a  high  sucrose  diet  developed  severe  dental  caries.  Despite  the  obvious 
reduction  in  salivary  amylase,  a  limited  amount  of  tooth  decay  was  observed  in 
experimental  animals  ingesting  a  starch  diet  and  a  minimal  amount  of  caries 
was  noted  in  those  maintained  on  a  typical  laboratory  diet.  In  all  the  desalviated 
animals,  the  first  molar  showed  the  greatest  susceptibility  to  caries  attack,  and 
the  third  molar  the  least.  The  cervical  area  of  the  tooth  was  the  site  most  fre¬ 
quently  attacked. 
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THE  EFFECT  OF  ANTIHISTAMINIC  DRUGS  ON  SALIVARY 
FLOW  AND  VISCOSITY 

RALPH  E.  MCDONALD,  B.S.,  D.D.S.,  M.S. 

Department  of  Pedodontia,  Indiana  University  School  of  Dentistry,  Induinapolis.  Ind. 

The  antihistaminic  drugs  have  held  promise  of  therapeutic  value  to  those 
who  suffer  from  a  variety  of  allergies.^  Since  these  drugs  have  also  been 
widely  acclaimed  as  having  beneficial  effect  in  the  prevention  and  treatment  of 
the  common  cold  as  well  as  allergies,  there  has  been  widespread  use  and  abuse  of 
the  group.  It  has  been  estimated  that  in  1950  one  hundred  million  dollars 
worth  of  antihistaminic  drugs  were  sold,  many  of  them  available  to  the  public 
over  the  counter  without  the  need  for  prescription.* 

Any  group  of  drugs,  such  as  the  antihistaminics,  which  are  so  frequently 
presecribed  and  readily  available  for  the  treatment  of  a  wide  variety  of  con¬ 
ditions  should  be  carefully  studied  for  harmful  effects  and  side  reactions  fol¬ 
lowing  usage.  The  purpose  of  this  paper  is  to  consider  the  effect  of  some  of 
the  antihistaminic  drugs  on  the  salivary  flow  and  viscosity. 

An  antihistaminic  drug  has  been  defined  as  a  counterpoison  having  no 
specific  activity  of  its  own  on  the  normal  animal,  its  properties  becoming  ap¬ 
parent  only  when  it  can  manifest  a  detoxifying  power  against  the  action  of 
histamine.*  They  have,  however,  been  shown  to  i)os.sess  an  acetylcholine  “block¬ 
ing”  effect,  acting  similar  to  atropine  and  in  some  instances  blocking  the  para¬ 
sympathetic  ganglia.*  The  action  on  the  central  nervous  system  in  ordinary 
doses  in  man  has  frequently  led  to  sedation  or  depression.  Long-continued  use 
occasionally  has  led  to  leukemia  and  agranulocytosis.* 

Since  there  is  no  evidence  of  a  specific  hormonal  mechanism,  a  nerve  mecha¬ 
nism  alone  probably  brings  almut  the  normal  .salivary  secretion.®  The  salivary 
glands  are  under  the  control  of  the  autonomic  nervous  system  receiving  fibers 
from  both  its  parasympathetic  and  sympathetic  divisions.  Stimulation  of 
either  the  parasympathetic  (chorda  tympani)  filx'rs  or  the  sympathetic  fibers 
to  the  submaxillary  or  sublingual  gland  causes  a  secretion  of  saliva.  The  secre¬ 
tion  resulting  from  para.sympathetic  stimulation  is  profuse  and  watery  in  con¬ 
sistency;  sympathetic  stimulation,  on  the  contrary,  causes  a  scanty  secretion 
of  a  thick  mucinous  juice.  Apparently,  then,  the  i)arasympathetic  fibers  in¬ 
nervate  the  serous  cells  and  the  sympathetic  the  mucous  cells.  Stimulation  of 
the  parasympathetic  fibers  to  the  parotid  gland  causes,  likewise,  a  profuse  watery 
secretion,  whereas  no  secretion  follows  stimulation  of  the  sympathetic. 

Since  it  has  been  found  that  the  antihistaminics  have  a  parasympathetic 
blocking  action  in  the  experimental  animal,  a  study  was  set  up  to  observe  what 
effect  this  blocking  action  would  have  on  human  salivary  flow  and  viscosity. 
Seven  adults  who  were  free  of  any  known  allergy  and  who  had  had  no  previous 

Read  at  the  Thirtieth  Annual  Meeting  of  the  International  Association  for  Dental  Re¬ 
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contact  with  antihistaininics  were  chosen  for  the  experiment.  Four  commonly 
prescribed  antihistaminics,  Benadryl,  Pyribenzamine,  Chlortrimeton,  and 
Thephorin  were  selected  as  the  trial  drugs.  Each  individual’s  normal  stimulated 
salivarj’  flow  was  determined  by  collecting  paraffin-activated  saliva  during  a 
fifteen-minute  period  at  the  same  time  each  day  for  one  week.  The  relative 
viscosity  of  the  saliva  was  determined  by  transferring  5  e.c.  of  the  freshly  se¬ 
creted  saliva  to  an  0.stwald  pipette,  a  modification  of  Poiseuille’s  apparatus, 
which  is  generally  accepted  for  the  determination  of  viscosity.® 

An  antihistaminic  drug  was  given  to  each  of  the  test  subjects  with  instruc¬ 
tions  to  take  the  minimal  effective  dose  with  each  meal  and  before  retiring. 
Each  drug  was  taken  for  five  days,  with  two  days’  rest  in  between  so  that  the 
effect  of  the  previous  drug  would  wear  off.  The  rate  of  flow'  of  saliva  and  its 
viscosity  was  mea.sured  at  the  siune  time  each  morning,  one  and  one-half  hours 
after  taking  the  drug. 

Benadryl  and  Pyribenzamine  depressed  the  salivary  flow'  in  each  subject 
w'hile  Cblortrimeton  depressed  the  flow'  in  every  individual  except  one.  Chlor¬ 
trimeton  exhibited  the  greatest  depres.sant  action,  a  25  per  cent  reduction  in 
How'  for  the  group.  Benadryl  and  PyrilKuizamine  each  brought  about  an  average 
20  per  cent  reduction  in  How'  for  the  group.  The  greatest  reduction  in  flow'  for 
any  one  individual  on  a  given  day  w'as  54  i)er  cent  for  Chlortrimeton  and  50 
per  cent  for  Pyribenzamine. 

Increases  in  viscosity  were  observed  but  not  with  the  same  degree  of  con¬ 
sistency  as  changes  in  flow'.  Benadryl  caused  the  greatest  average  increase  in 
viscosity,  8.7  i)er  cent,  with  some  subjects  showing  as  much  as  a  33  per  cent 
increase. 

Thephorin,*  an  antihistaminic  drug  w'hich  beat's  no  chemical  relationship 
to  any  existing  histamine  antagonist  and  w'hich  is  practically  ineffective  in 
antagonizing  the  effect  of  acetyl  choline,^  induced  a  different  reaction.  The 
salivary  flow  was  increa.sed  an  average  of  14  per  cent  in  the  group,  with  indi¬ 
vidual  increases  as  high  as  36  per  cent.  Thephorin  reduced  salivary  viscosity 
in  all  but  one  case ;  the  greatest  reduction  observed  w'as  15  per  cent.  The  changes 
in  salivary  flow'  as  well  as  in  viscosity  can  be  seen  in  Table  I. 

Since  the  experimental  group  was  small,  the  (piestion  of  a  chance  observa¬ 
tion  W'as  raised.  The  probability  of  a  chance  occurrence  w'as  calculated  for  the 
changes  observed  in  the  rate  of  flow'  of  saliva.  It  w’as  found  that  the  probability 
of  a  chance  observation  for  Benadryl  and  for  Pyribenzamine  w'as  1/128  or  less 
than  1  per  cent,  for  Chlortrimeton  3/32  or  less  than  10  per  cent,  and  for 
Thephorin  3/32  or  less  than  10  per  cent. 

A  study  has  been  conducted  to  gain  additional  information  regarding  the 
side  effects  of  some  of  the  commonly  used  antihistaminic  drugs,  Benadryl,  Pyri¬ 
benzamine,  Chlortrimeton,  and  Thephorin.  Minimal  effective  doses  of  some  of 
the  antihistaminics  depress  salivary  flow  as  much  as  54  per  cent,  while  others 
may  excite  the  flow.  It  was  likew'ise  noted  that  some  drugs  in  the  group  cause 
an  increase  in  viscosity  occasionally  as  great  as  33  per  cent.  These  changes 

•Hydrogen  tartrate  of  2-methyl-9  phenyl  -  2,3,4,9-tetrahydro  -1-  pyrldlndene, 
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Table  I 

Changes  in  Salivary  Flow  and  Viscosity  Resulting  From  Minimal  Effective 
Doses  of  Antihistaminic  Drugs 


CASE 

FLOW 

CHLOR- 

PYRI- 

no; 

VISCOSITY 

NORMAL 

BENADRYL 

TRIMETON 

BENZAMINE 

THEPHORIN 

1  ■ 

F 

33.0 

-28.5 

-30.0 

-28.0 

+39.0 

V 

1.3 

-1.3 

1.3 

1.3 

1.3 

2 

F 

15.0 

13.0 

-12.3 

-10.6 

+17.5 

V 

1.3 

-Hi  .4 

+1.4 

1.3 

1.3 

3 

F 

-19.0 

-19.6 

+33.6 

V 

1.4 

1.4 

1.4 

1.4 

-1.3 

4 

F 

24.0 

-17.6 

-16.0 

-22.0 

-22.4 

V 

1.3 

+1.4 

1.3 

+1.4 

1.3 

5 

F 

19.6 

-18.0 

+22.0 

-19.3 

+30.5 

V 

1.4 

+1.5 

1.4 

1.4 

-1.2 

6 

F 

30.0 

-23.0 

.30.0 

-18.6 

+36.0 

V 

1.2 

+1.3 

1.2 

+1.3 

1.2 

7 

F 

21.8 

-15.6 

-18.0 

-19.6 

-21.0 

V 

1.4 

+1.8 

+1.6 

+1.7 

1.4 

F 

7  — 

5- 

7- 

5  + 

0  + 

1  + 

0  + 

1  - 

Total 

1.0 

1.0 

V 

5  + 

2  + 

3  + 

0  + 

0- 

0- 

0- 

2- 

2.0 

5.0 

4.0 

5.0 

have  apparently  been  brought  about  through  the  parasympathetic  depressant 
action  of  the  drugs. 

Previous  studies  have  shown  that  a  diminished  salivarj-^  flow  may  be  asso¬ 
ciated  with  an  increase  in  dental  caries,®  burning,  Assuring,  or  crusting  of  the 
tongue  and  mucous  membranes,  parathesia,  dryness  and  cracking  of  the  lips 
and  perleche.®  A  direct  relationship  has  also  been  demonstrated  between  sali¬ 
vary  viscosity  and  incidence  of  dental  caries.® 

Since  many  of  the  antihistaminics  depress  salivary  flow  and  cause  an  in¬ 
crease  in  viscosity,  prolonged  usage  of  even  a  minimal  dosage  of  these  drugs 
may  be  associated  with  the  symptoms  of  drv"  mouth  and  an  increase  in  dental 
caries  as  well  as  other  detrimental  oral  manifestations. 

The  results  of  this  study  also  present  further  evidence  which  lends  support 
to  the  nerve  control  of  salivary  flow  and  viscosity. 
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THE  EFFECT  OF  PARTIAL  IMPAIRMENT  OF  SALIVARY  GLAND 
FUNCTION  ON  DENTAL  CARTES  IN  THE  SYRIAN  HAMSTER 
C.  E.  KLAPPER  AND  J.  F.  VOLKER 

Ih partmcnt  of  Anatomy,  Medical  College  of  Alabama  School  of  Dentistry,  University 
of  Alabama,  Birmingham,  Ala. 

WE  have  reported  previously  the  results  of  studies  of  itapaired  salivary 
gland  function  on  dental  caries  in  the  Syrian  hamster.^  In  these  early 
investigations  the  limitation  of  function  was  ])roduced  by  the  bilateral  removal 
of  submaxillary  and  sublingual  glands  and  tbe  ligation  and  severitig  of  both 
l>arotid  ducts.  Subsequent  to  the  operation,  the  animals  developed  minimal 
to  severe  dental  caries  dei)ending  upon  the  nature  of  the  postoperative  diet. 
In  almost  every  instance  a  characteristic  caries  pattern  was  seen  with  the 
fii*st  molar  showing  the  greatest  carious  involvement  and  the  third  molar  the 
least.  This  procedure  gave  us  valuable  information  concerning  the  collective 
importance  of  the  major  salivary  glands  in  influencing  tooth  decay.  It  did 
not,  however,  permit  observation  as  to  the  relationship  of  the  individual 
glands  to  dental  caries  susceptibility.  In  the  study  herein  reported,  hamsters 
were  placed  on  cariogenic  diets  after  either  the  submaxillary  and  sublingual 
glands  w'ere  removed  or  the  parotid  ducts  were  ligated.  It  was  hoped  that 
this  procedure  would  clarify  the  roles  of  the  parotid  and  the  submaxillary- 
sublingual  glands  in  caries  etiology. 


EXPERI  .MENTAL 

P’orty-four  hamsters,  42  to  56  days  of  age,  were  utilized  in  this  study.  They 
were  divided  into  Groups  I  and  II.  The  submaxillary  and  sublingual  glands 
were  removed  on  both  sides  in  the  animals  comprising  Group  I.  The  parotid 
glands  were  not  disturbed.  Subsequently,  they  were  divided  into  two  groups 
of  eight  and  twelve  animals  each  and  designated  as  Groups  lA  and  IB,  re¬ 
spectively.  Group  lA  was  maintained  throughout  the  experimental  period  on 
a  modified  Hoppert,  Webber,  Caniff  diet*  containing  66  per  cent  sucrose.  Group 
IB  was  kept  under  similar  conditions  but  66  per  cent  cornstarch  was  substituted 
for  the  sucrose.  The  ducts  of  the  parotid  glands  were  ligated  and  severed  in 
the  Group  II  animals.  The  submaxillary  and  sublingual  glands  were  not  dis¬ 
turbed.  This  group  was  made  up  of  twenty-four  animals  and  they  were  divided 
into  two  equal  groups  designated  as  IIA  and  IIB.  The  A  group  was  fed  the 
high  sucrose  diet  and  the  B  group  was  maintained  on  the  high  starch  ration. 
Animals  in  all  four  groups  were  kept  on  the  experimental  diets  for  a  minimum 
of  seventy-four  days  before  being  sacrificed.  After  the  skulls  were  cleaned, 
dental  caries  was  recorded  by  examination  with  a  di.sseeting  microscope  at  a 
magnification  of  18x. 

Received  for  publication,  Aug.  14,  1952. 

•Diet  of  66  per  cent  sucrose.  30  per  cent  powdered  whoie  miik,  3  per  cent  aifalfa,  1  per 
cent  sodium  chloride,  water  ad  libitum,  greens  triweekly. 
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RESULTS 

Table  1  summarizes  the  caries  ])attein  in  the  eifyht  hamsters  of  (Jroup  lA* 
fed  the  high  sucrose  diet.  I>oth  i)arotid  glands  were  made  nonfunctional  in 
these  animals.  It  ean  be  seen  that  on  an  average  8.6  of  the  12  molars  were 
carious  and  that  the  average  hamster  had  13  carious  lesions.  Of  these,  2.0  were 
large,  2.1  were  medium,  and  8.9  were  small.  The  average  caries  score  per  ham¬ 
ster  was  24.2.  The  average  caries  score  was  computed  by  assigning  an  arbitrary 
value  of  5,  2.5,  and  1  to  each  large,  medium,  and  small  le.sion,  respectively. 


Table  I 

De.vtal  Cakies  in  Hamsters  With  No-nfi  nctional  P.vrotii*  Glands  and  Ingesting  a  High 

Sugar  Diet 


AGE  .\T 

: 

.NUMBER 

ANIMAL 

OI’ERATION 

DAYS  OX 

CARIOUS 

OF 

LARGE 

MEDIUM 

SMALI, 

CARIES 

NUMBER 

SEX 

(DAYS) 

i  DIET 

TEETH 

LESIONS 

CARIES 

CARIES 

CARIES 

SCORE 

883 

41 

80 

2 

2 

— 

— 

2 

2.0 

886 

S 

41 

80 

7 

10 

1 

3 

6 

18.5 

888 

41 

110 

10 

15 

4 

2 

9 

34.0 

890 

$ 

41 

110 

12 

19 

4 

3 

12 

39.5 

891 

9 

41 

80 

12 

21 

0 

3 

18 

25.5 

894 

9 

45 

76 

2 

2 

— 

— 

2 

2.0 

897 

3 

45 

106 

12 

15 

— 

2 

13 

18.0 

898 

3 

46 

105 

12 

20 

7 

4 

9 

54.0 

Total 

5339 

341 

747 

69 

104 

16 

17 

71 

193.5 

Average 

42.6 

93.4 

8.6 

13.0 

2.0 

2.1 

8.9 

24.18 

In  (Jroup  IB,  with  both  parotid  ducts  severed,  the  animals  were  maintained 
on  a  starch  diet  for  the  duration  of  the  experiment.  With  the  exception  of  one 
hamster  with  26  carious  lesions  in  12  carious  teeth,  dental  caries  was  either 
minimal  or  absent.  The  average  hamster  had  1.65  carious  molai-s  and  2.8  carious 
lesions.  Of  these,  0.9  were  medium  and  1.9  were  small.  The  average  caries 
score  per  animal  was  4.2. 


T.mjle  II 

Dental  Caries  in  Hamsters  Lacking  Si  bmaxillary  and  SruLiNGCAL  Gijvnds  and 
Ingesting  High  Sugar  Diets 


ANIMAL 

NUMBER 

1  SEX  1 

AGE  AT 

OPERATION 

1  (DAYS) 

!  DAYS  ON 

1  DIET 

CARIOUS 

TEETH 

NUMBER 

1  OF 

LESIONS 

1  1 

LARGE 

1  CARIES 

MEDIUM 

1  CARIES 

SMALL 

CARIES 

CARIES 

SCORE 

862 

3 

48 

88 

2 

2 

— 

2 

— 

5.0 

864 

3 

48 

88 

2 

2 

— 

2 

— 

5.0 

865 

3 

48 

88 

4 

4 

— 

— 

4 

4.0 

871 

9 

56 

89 

3 

4 

— 

— 

4 

4.0 

872 

9 

50 

89 

11 

12 

6 

5 

1 

43.5 

874 

9 

42 

87 

12 

15 

7 

5 

3 

50.5 

875 

3 

42 

117 

3 

6 

— 

2 

4 

9.0 

879 

9 

45 

119 

12 

12 

12 

— 

— 

60.0 

881 

3 

42 

117 

12 

21 

2 

13 

7 

49.5 

882 

3 

42 

117 

2 

2 

— 

2 

— 

5.0 

902 

9 

42 

119 

12 

12 

12 

— 

— 

60.0 

903 

9 

42 

119 

4 

6 

— 

— 

6 

6.0 

T  of  al 

63  fi9 

553 

1237 

79 

98 

39 

31 

29 

301.5 

.\verage 

46.08 

103.08 

6.58 

8.2 

3.25 

2.6 

2.4 

25.1 

♦Similar  an<linR.s  were  noted  in  a  comparable  (jroup  of  four  animals  maintained  on  a 
diet  of  the  same  chemical  composition  but  feil  in  pellet  form  rather  than  as  a  powdered  ration. 
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Table  II  shows  the  findings  in  tlie  (jiioup  II A  animals.  The  subniaxillary 
and  sublingual  glands  were  removed  from  these  hamstere  and  they  were  fed 
the  high  sucrose  diet.  At  the  end  of  the  experimental  period  the  average  an¬ 
imal  had  6.6  carious  molars  and  8.2  carious  lasions.  Of  these,  3.3  were  large, 
2.6  were  medium,  and  2.4  were  small.  The  average  caries  score  per  animal  was 
25.5.  It  will  be  noted  that  although  five  of  the  animals  developed  severe  caries, 
the  remaining  seven  showed  minimal  involvement. 

In  Group  IIB  animals,  with  the  submaxillary  and  sublingual  glands  re¬ 
moved  and  with  the  starch  diet,  the  average  animal  had  2.25  carious  molars  and 
2.33  carious  lesions.  Of  these,  1.6  were  medium  and  2.16  w'ere  recorded  as  being 
small.  The  average  caries  score  per  animal  was  2.58.  Caries  could  not  be  de¬ 
tected  in  four  of  these  animals  and  the  remaining  eight  show’ed  only  minimal 
tooth  decay. 

DISCUSSION 

In  earlier  experiments  in  these  laboratories  it  was  noted  that  when  mature 
animals  with  normally  functioning  salivary  glands  were  placed  on  the  high 
sucrose  diet,  only  limited  caries  occurred.®  When  animals  of  comparable  age 
were  maintained  on  a  high  sucrose  diet  and  subjected  to  marked  impairment 
of  salivary  gland  function  by  the  ligation  of  l)oth  parotid  ducts  and  the  bilateral 
removal  of  the  submaxillary  and  sublingual  glands,  rampant  dental  caries 
usually  developed.  In  the  present  experiment,  considerable  dental  caries 
occurred  in  hamsters  fed  the  .same  ration  when  either  the  submaxillary  and  sub¬ 
lingual  glands  w'ere  removed  or  the  parotid  ducts  were  ligated.  A  comparison 
of  our  findings  with  the  high  sucrose  diet  groups  of  current  and  earlier  salivary 
gland  impairment  studies  may  be  seen  in  Fig.  1.  The  extent  of  tooth  decay 
in  hamsters  wdth  submaxillary-sublingual  extirpation  or  parotid  duet  ligation 
was  similar.  The  caries  score  for  the  former  was  approximately  25  and  that 
of.  the  latter  24.  It  seems  elear  that  the  normal  functioning  of  either  group  of 
glands  does  not  afford  favorable  protection  against  caries  attack.  This  .suggests 
that  the  volume  of  salivary  flow  is  more  important  than  any  particular  salivary 
constituent  in  limiting  experimental  tooth  decay. 

Of  particular  interest  is  the  great  reduction  in  dental  caries  incidence  in 
those  hamsters  maintained  on  a  starch  diet  but  having  either  normally  function¬ 
ing  parotid  or  submaxillary-sublingual  glands.  This  is  in  contrast  to  the  con¬ 
siderably  more  frequent  tooth  deeay  that  occurs  when  there  is  interference  with 
the  function  of  both  groups  of  glands  as  seen  in  Fig.  1.  Possibly  this  phe¬ 
nomenon  can  be  explained  on  the  basis  that  even  though  one  group  of  major 
salivary  glands  has  been  rendered  nonfunctional,  the  volume  of  salivary  flow' 
remains  sufficient  to  remove  mechanically  the  starch  from  the  oral  cavity  before 
it  undergoes  appreciable  amylatic  hydrolysis.  This  would  prevent  the  starch 
from  being  converted  to  a  sugar  substrate  that  could  be  further  utilized  by  the 
bacteria  associated  with  dental  caries  etiology. 

In  an  attempt  to  substantiate  further  this  hypothesis,  the  comparative 
dental  caries  pattern  of  all  the  maxillary  and  mandibular  molars  of  the  experi¬ 
mental  groups  ingesting  the  sugar  diet  was  studied.  The  data  are  summarized 


CARIES  SCORE 


GROUP  A-  ALL  SALIVARY  GLANDS  REMOVED 

GROUP  B  -  PAROTID  DUCT  TIED  AND  SECTIONED 

GROUP  C  -  SUBMAXILLARY  AND  SUBLINGUAL  GLANDS  REMOVED 


Fig.  1. — Comparative  carie.s  scores  of  hamsters  ingesting  sugar  diet  and  starch  diet. 
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Fig.  2. — Comparative  dental  carles  pattern  on  the  maxilla  and  the  mandible  in  hamsters 

Ingesting  sugar  diet. 
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in  FiR.  2.  With  a  siiiRle  exception  the  most  earies-snseeptible  tooth  was  a  first 
molar.  The  lone  deviation  was  observed  in  the  firet  maxillary  molar  of  those 
hamsters  that  had  the  submaxillary  and  sublinRual  glands  removed.  The  lim¬ 
ited  caries  freedom  of  this  first  maxillary  molar  may  be  explained  by  the 
normal  functioning  of  the  parotid  glands.  The  parotid  saliva  empties  into  the 
oral  cavity  immediately  adjacent  to  this  tooth.  It  seems  reasonable  to  presume 
that  the  normal  flow  of  saliva  would  be  of  benefit  in  the  physiologic  cleansing  of 
the  area  and  would  afford  maximum  protection  against  dental  caries. 

COXCLU.SIOX 

The  influence  of  partial  salivary  gland  impairment  on  dental  caries  has 
been  studied  in  forty-four  hamsters  maintained  on  high  sucrose  or  high  starch 
diets.  (Considerable  tooth  decay  was  observed  in  animals  fed  the  sucrose  diet 
following  the  removal  of  both  the  submaxillary  or  sublingual  glands  or  the  bi¬ 
lateral  ligation  of  the  parotid  ducts.  ^linimal  caries  resulted  in  animals  that 
ha<l  undergone  similar  operative  procedures  and  were  fed  the  starch  diet.  It 
is  .suggested  that  when  a  major  salivary  gland  or  group  of  glands  is  function¬ 
ing,  the  rate  of  salivary  flow  is  sufficient  to  remove  starch  from  the  oral  cavity 
before  it  can  be  hydrolyzed  to  more  cariogenic  carbohydrates.  Evidence  has 
been  presented  that  a  normally  functioning  parotid  gland  affords  favorable 
caries  protection  to  the  maxillary  first  molar. 
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AN  OBSKKVKl)  (’OKKKLATION  BETWEEN  AMMONIA 
(CONCENTRATION  AND  ACID  PRODUCTION 
IN  SALIVA 

DONALD  E.  WRIGHT,  B.Sc.,  Ph.D.,  AND  G.  NEIL  JENKINS,  M.Sr,,  Pii.D, 
Department  of  Physioloqy,  Medical  School,  Neu'ca.<ttle  ujwn  Tyne,  Pnqland 
INTROUT’CTION 

The  relationship  of  ammonia  to  dental  earies  for  many  years  has  been  a 
eontroversial  topic.  Many  papers  have  included  reviews  of  the  literature 
and  it  is  not  proposed  to  do  more  than  to  refer  the  reader  to  the  brief  accounts 
which  we  have  already  published.'-  ^ 

It  was  as  the  result  of  many  conflicting  ideas  and  reports  on  the  ammonia- 
dental  caries  relationship  that  we  undertook  a  complete  reinvestigation  of  the 
problem.  The  work  was  divided  under  three  main  headings: 

1.  The  relationship  of  ammonia  concentration  of  samples  of  saliva  to  their 
bacterial  activity,  as  measured  by  their  ability  to  produce  acid  on  incubation 
with  glucose. 

2.  The  production  of  ammonia  by  incubated  salivas  from  caries-free  and 
caries-active  subjects. 

3.  A  comprehensive  study  of  the  effect  of  various  salts  of  ammonia  and 
other  cations,  and  of  urea  on  the  acid-producing  potential  of  salivary  organisms 
and  of  pure  cultures  of  Lactohacillus  acidophil m.  The  results  arising  out  of 
the  latter  two  branches  of  the  investigation  have  already  been  published.'-  * 
This  paper  is  concerned  with  the  relationship  of  ammonia  concentration  to  acid 
production. 

METHODS 

Samples  of  Saliva. — Saliva  samples  were  obtained  from  over  300  subjects, 
stimulation  of  the  flow  being  obtained  by  chewing  paraffin  wax  for  a  five- 
minute  period.  Immediately  after  the  comi)letion  of  the  collection  a  0.5  or  1 
ml.  specimen  was  taken  for  ammonia  estimation. 

Estimation  of  Ammonia. — Throughout  this  work  the  Conway  microdiffusion 
technic*  was  employed. 

Titratable  Acidity. — In  addition  to  the  specimens  taken  for  ammonia 
estimation,  a  further  2  ml.  was  withdrawn  from  the  sample,  transferred  to  a 
test  tube,  and  mixed  with  a  0.5  ml.  solution  of  glucose  to  give  a  final  concen¬ 
tration  of  glucose  of  either  0.25  per  cent  or  4  per  cent,  dependent  upon  the 
length  of  time  the  contents  were  to  be  incubated.  Incubations  were  carried 
out  at  37°  C.  either  for  four  or  twenty-four  hours,  at  the  end  of  which  period 
a  0.5  ml.  or  1  ml.  sample  was  titrated  with  O.OIN  sodium  hydroxide. 

Estimation  of  pH. — The  pH  developed  on  incubation  with  glucose  was 
measured  in  this  work  using  a  Bench  Pattern  instrument*  in  conjunction  with 
•  a  standard  glass  electrode  and  a  calomel  electrode  which  represent  the  modifi- 

Received  for  publication,  July  11,  195-J;  revised  by  authors,  Oct.  22,  1952. 

•From  the  Cambriilge  Instrument  Co..  Cambridge,  Gngiand. 
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cation  of  one  of  \is*  of  that  of  Taylor."’  This  latter  i>iece  of  apparatus  was 
designed  for  the  rapid  estimation  of  the  pH  of  small  volumes  of  liquid,  the 
modification  consistins?  in  the  insertion  of  a  standard  ealomel  eleetrmle  throu>?h 
the  top,  dippiiiff  into  solid  potassium  chloride.  This  replaced  the  ealomel 
electrode  of  Taylor  which  was  made  up  of  the  usual  layers;  mercury,  mercurous 
chloride,  and  potassium  chloride;  a  jjlass  tula*  (into  the  Imttom  of  which  was 
fused  a  platinum  wire)  dipped  into  these  layers.  The  nuMlification  did  not 
affect  the  i)erformance  of  the  electrode,  hut  improved  (a)  its  mechanical  sta¬ 
bility,  (h)  its  length  of  life  with  minimal  attention,  and  (e)  the  ease  with  which 
it  was  cleaned  and  reservieed.  A  diagram  of  this  apparatus  is  shown  in  Fi^.  1. 


Kig.  1. — DiaKrani  of  calomel  elcotrotie  used  for  pH  determinations. 

E.XPEniMKNTAI, 

Prelimimirif  Experiments. — The  first  stage  of  this  investigation  consisted  of 
comparing  the  ammonia  concentration  of  freshly  voided  saliva  with  the  acid 
production  on  incubation  with  gluco.se  (final  concentration  =  0.25  per  cent), 
using  as  an  index  the  titratable  acidity  at  the  end  of  four  hours’  incubation. 
One  hundred  and  nine  samples,  obtained  from  students  with  varying  states  of 
caries  activity,  were  studied  and  Table  1  presents  a  statistical  summary  of  the 
results.  A  consideration  of  this  table  will  show  that  a  Statistically  significant 
positive  correlation  exists  between  the  two  variables,  since  the  correlation  co¬ 
efficient  (0.616)  when  compared  with  that  shown  in  standard  tables  for  the 
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Table  I 

A  Statisticai,  Analysis  of  Results  Obtained  From  a  Comparison  of  Titratable 
Acidity  and  Ammonia  Concentration  in  109  Samples  of  Saliva 


correlation  between  4  HR. 

TITRATABLE  ACIDITY  AND 
INITIAL  NH, 


r — calculated  O.tUO 

r — from  tables  0.195 

(P  =  0.05,  n  =  100) 

S.E.  of  r  0.059 

t  for  r — calculated  8.12 

t  for  r — from  tables  2.00 

(P  =  0.05,  n  =  00) 

Approximate  probability  of  <1  in  1,000 

(•bailee  observations 


Note :  r  =  correlation  coettlcient. 

In  this  research  the  calculated  values  of  this  and  the  .statLstic  "t”  were  compared  with 
those  shown  for  an  appropriate  “n”  at  a  probability  of  0.05  in  Table  VI  and  Table  III.  re¬ 
spectively.  of  Fisher  and  Yates’  Statistical  Tables  for  HioloKical,  Asricultural  and  Medical  Re¬ 
search,  l.,ondon.  1943,  Oliver  and  Royd. 

S.E.  of  r  =  standard  error  of  r. 

appropriate  “n”  indicates  that  the  iirobahility  of  our  observations  havin'^ 
occurred  by  chance  is  less  than  1  in  1,000. 

Opportunity  afforded  itself  for  the  study  of  this  relationshiji  in  a  firou)) 
of  twenty-seven  “caries-low’’*  school  children  and  for  comparison  of  the  results 
with  those  obtained  from  thirteen  children  of  similar  age  (13  to  14  years)  who 
had  rampant  caries.  Tables  II  and  III  show  the  statistical  summaries  of  these 
results,  from  which  it  will  he  seen  that  the  significant  positive  correlation  ex¬ 
tends  to  both  groups,  the  probability  that  these  results  could  have  occurred  by 
chance  being  less  than  1  in  1,000  and  less  than  1  in  20,  respectively. 

Table  II 


A  Statlstical  Analysls  of  Results  Obtained  From  a  Comparlson  of  Titratable  Acidity 
AND  Ammonia  Concentration  in  Samples  of  Saliva  From  27  “ Caries-ix)w ” 

School  Children 


correlation  between  4  HR.  titratable 
acidity  and  initial  NHj  in 

‘  ‘  CARIES-LOW  ’  ’  CHILDREN 

r — calculated 

0.8.34 

r — from  tables 

0.381 

(P  =  0.05,  n  =  25) 

S.E.  of  r 

0.0585 

t  for  r — calculated 

7.58 

t  for  r — from  tables 

2.06 

(P  =  0.05,  n  =  25) 

Approximate  probability  of 

<1  in  1,000 

chance  observations  . 

Ammonia  Concentration  and  Acid  Production  After  Ticentij-four  Hours' 
Incubation. — The  next  stage  was  that  of  determining  if  the  correlation  between 
the  two  variables  observed  after  four  hours  was  to  lie  found  after  twenty-four 
hours’  incubation.  The  higher  concentration  of  glucose  (4  per  cent)  was  used 
in  this  series  in  order  to  ensure  that  an  adeipiacy  of  substrate  was  available 


•The  school  children  of  the  "caries-low"  group  had  been  pronounced  free  from  carles  when 
last  examined  by  the  School  Dental  Authorities.  Owing  to  the  fact  that  at  the  time  of  per¬ 
forming  thiise  experiments  facilities  were  not  available  for  checking  their  clinical  caries  ac¬ 
tivity,  and  as  the  period  since  their  last  dental  examination  was  variable,  it  was  decided  to 
exercise  the  caution  of  using  the  term  "caries-low”  instead  of  “caries-free”  when  referring  to 
these  subjects. 
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Tabi,e  III 

A  STATISTH'AIi  ANAI.YSIS  OK  RESULTS  OBTAINED  FKOM  A  (ktMI'AHISON  OK  TITKATABLE  AUIDITY 

AND  Ammonia  Concentration  in  Samples  ok  Saliva  From  13  Caries- Active 

School  Children 


CORRELATION  BETWEEN  4  HR.  TITRATABLE 
ACIDITY  AND  INITIAL  NH,  IN 
CARIES-ACTIVE  CHILDREN 


r — calculated  0.595 

r — from  tables  0.553 

(P  =  0.05,  n  =  11) 

S.E.  of  r  0.179 

t  for  r — calculated  2.46 

t  for  r — from  tables  2.20 

(P  =  0.05,  n  =  n) 

Approximate  probability  of  <1  in  20 

chance  observations 


for  acidofienic  orgeanisms  over  the  longer  period  of  the  experiments.  The  final 
concentration  of  ammonia  after  the  twenty-four  hours’  incubation  was  also 
determined.  Table  IV  lists  the  statistical  summary  of  the  results  obtained  from 
the  sixty  samples  examined ;  it  will  be  seen  that  a  significant  positive  correlation 
was  found  between ; 

(1)  The  initial  ammonia  concentration  and  the  twenty-four  hour  titratable 
acidity. 

(2)  The  ammonia  concentration  developed  on  incubation  in  the  presence 
of  glucose  for  twenty-four  hours  and  the  twenty-four  hour  titratable  acidity. 


Table  IV 

A  Statistical  Analysis  ok  Results  Obtained  From  a  Comparison  of  Titratable  Acidity 
AND  Ammonia  Concentration  in  60  Samples  of  Saliva 


CORRELATION 
between  24  HR. 
titratable  acidity 

AND  INITIAL  NH, 


CORRELATION 
BETWEEN  24  HR. 
TITRATABLE  ACIDITY 
AND  24  HR.  NH, 


r — calculated 

0.658 

0.327 

r — from  tables 

0.250 

0.250 

(P  =  0.05,  n  =  60) 

S.E.  of  r 

0.073 

0.115 

t  for  r — calculated 

6.65 

2.63 

t  for  r — from  tables 
(P  =  0.05,  n  =  60) 

.Approximate  probability  of 
chance  observations 

2.00 

2.00 

<1  in  1,000 

<1  in  50 

In  l)oth  these  cases  the  calculated  correlation  coefficients  exceeded  those  to 
lie  found  in  standard  tables  at  n  =  60;  therefore,  the  probabilities  that  our 
observations  could  have  occurred  by  chance  are  less  than  1  in  1,000  and  less  than 
1  in  50,  respectively. 

pH  Estimations. — A  further  series  of  sixty  samples  w'as  examined  as  be¬ 
fore  and  the  fall  in  pH  was  followed  at  regular  intervals  over  the  early  stages 
of  the  experiments.  This  was  done,  first,  in  order  to  see  if  any  correlation 
which  might  be  observed  was  statistically  significant  at  all  stages  of  the  incu¬ 
bation  and,  second,  to  reinforce  the  observations  just  described  in  which  titrat- 
ahle  acidit}’  was  used  as  the  index  of  aeidogenic  bacterial  activity. 
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Tabi.e  V 

A  Statisticai,  Anai.tsis  or  Kksi  i.ts  Obtaineo  From  a  Comparison  or  pH  T»EVEt.oPEn  ani> 
Ammonia  CoNrENTRATioN  in  fiO  Samples  or  Saliva 


CORRELATION  BCTWEEN  INITIAL  NH,  AND 


4  HR.  pii 

6  HR.  pH 

8  HR.  pH 

1014  HR.  pii 

24  HR.  pH 

r — calculated 

-7>.428 

-0..102 

-0^302  ' 

-0..382 

-0'.3.39 

r — from  tables 

0.2.'i0 

-0.2.i0 

-0.250 

-0.250 

-0.250 

(P  =  0.05,  n  =  60) 

S.E.  of  r 

Q.m.! 

0.117 

0.117 

0.110 

0.114 

t  for  r — calculated 

.Tfil 

2.42 

2.42 

.3.15 

2.75 

t  for  r — from  tables 

2.00 

2.00 

2.00 

2.00 

2.00 

(P  =  0.05,  n  =  r*0) 
Approximate  probability  of 
chance  observations 

<1  in  1,000 

<1  in  .)0 

<1  in  50 

<1  in  100 

<1  in  100 

An  examination  of  Table  V  will  show  that  sijfnifieant  nesrative  correlations 
were  found  between  the  initial  ammonia  concentration  and  the  pH  developed 
at  4.  6,  8,  10.5,  and  24  hours’  duration  of  incubation,  i.e.,  a  jiositive  correlation 
lietween  ammonia  concentration  and  acid  production.  The  probabilities  that 
these  results  could  have  occurred  by  chance  were  variable,  but  in  no  case  were 
they  less  than  1  in  50. 

DISCT'SSION 

The  experiments  quoted  provide  adequate  evidence  for  a  statistically  siff- 
nificant  positive  correlation  between  the  ammonia  concentration  of  saliva  and 
the  acid  produced  on  incubation,  the  correlation  extendinj?  to  all  j?roups  of 
subjects  studied. 

This  result  was  at  first  a  little  surprisinj;  when  one  considers  the  studies 
of  some  of  the  previous  workers  who  have  investigated  ammonia  concentrations 
in  caries-free  and  caries-active  jiatients.  Grove  and  Grove'’-'  claimed  that  the 
ammonia  concentration  of  saliva  of  caries-free  individuals  was  higher  than 
that  of  subjects  with  active  caries.  Even  the  results  of  White  and  Bunting”-  ® 
and  Youngl)erg,^“  whose  figures  failed  to  confirm  those  of  Grove  and  Grove,  do 
not  suggest  such  a  relationship.  On  the  other  hand,  Karshan”  found  a  small 
difference  in  ammonia  concentrations  in  salivas  from  caries-free  and  caries- 
active  patients.  This  difference  was  not,  however,  statistically  significant,  and 
thus  the  work  quoted  herein  is  in  agreement  with  that  of  Karshan  to  the  extent 
that  the  average  figures  for  the  concentration  of  ammonia  in  th'e  salivas  of  the 
“caries-low”  and  the  caries-active  groups  of  school  children  in  this  Mrork  were 
7.44  mg.  and  8.10  mg.  jier  100  ml.,  res|)ectively,  this  difference  not  being  .statis¬ 
tically  significant. 

It  is  of  interest,  however,  to  attempt  to  account  for  the  observeil  correlation. 
Logically,  three  possibilities  present  themselves; 

1.  That  high  ammonia  concentration  is  caused  by  the  organisms  responsible 
for  acid  jiroduction. 

2.  That  increased  acid  production  is  caused  by  high  ammonia  concentration. 

3.  That  some  unidentified  factor  is  res{H)nsible  for  lx)th. 

While  it  would  be  passible  to  measure  the  ammonia-producing  activity  of 
acidogenic  organisms  from  the  mouth  in  pure  culture,  the  assessment  (with  a 
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variety  of  or^anisnis  in  differin^r  concentrations)  in  saliva  would  clearly  Iw*  a 
matter  of  i?reat  difficulty.  We  have  no  experimental  evi<lence  for  or  a^Binst 
this  first  |)os.sihilily,  which  would  presup|H)se  that  most  of  the  ammonia  in  saliva 
was  pro<luced  by  bacterial  metabolism.  This  point  will  1m*  referred  to  a^ain. 

Tf  increased  acid  ]>ro<luction-is  caused  by  hiprh  ammonia  concentration  then 
one  would  expect  that  the  addition  of  salts  of  ammonia  at  physioloKic  levels 
would  have  the  effect  of  incivasinv:  acid  lU'mluction.  Unpublished  experiments 
in  this  Lalamatory  have  shown  that  this  is  not  the  case. 

The  imssihility  that  some  unidentified  factor  is  responsible  for  a  correlation 
between  ammonia  concentration  of  saliva  and  the  acid  t>ro<liired  on  incubation 
is  in  some  ways  difficult  to  cnvisajfe.  It  is  an  attractive  hy|)othesis  to  sutJtrest 
that  it  could  lx*  explained  by  a  {fcneralized  increase  in  bacterial  flora,  includinir 
more  ammonia-pmducinv:  and  more  acid-])roducint;  bacteria.  The  most  obvious 
ways  in  which  this  may  be  effected  aiT  either  throu}J:h  a  jfenerally  reduced  aiiti- 
hacterial  activity  of  saliva  or  by  the  availability  of  nutritional  factors  promoting 
the  jrrowth  and  activity  of  oral  flora  in  jjeneral. 

A  scries  of  experiments  was  carried  out  in  this  lialxu’atory  with  a  view  to 
ohtainin>r  information  on  the  correlation  of  the  absolute  amount  of  ammonia 
produceil  on  incubatiiifr  saliva  and  the  acid  i>roduction  of  the  specimens.  The 
results  showed  no  statistically  sijrnificant  correlation  but  the  importance  of  the 
observation  was  diminished  by  the  technical  difficulties  involved  in  estimating 
absolute  ammonia  pnxluction.  It  was  neces.s{iry  to  perform  the  experiment 
either  under  normal  test  tube  conditions,  in  which  case  it  seemed  possible  that 
loss  of  ammonia  during  the  incubation  might  occur,  or  alternatively  to  absorb 
any  ammonia  as  it  was  given  off,  i.e.,  carry  out  the  experiment  in  an  ammonia- 
free  atmosphere.  This  would  probably  give  rise  to  a  greater  diffusion  rate  and 
might  affect  the  normal  metabolism  of  the  organisms. 

Another  point  which  the  hypothesis  would  require  is  the  presupposition 
already  mentioned  that  all,  or  at  least  most,  of  the  ammonia  present  in  the 
saliva  initially  was  produced  by  bacterial  mechanisms.  This,  however,  is  some¬ 
what  improbable  as  has  l)een  shown  by  further  uni)ublished  experiments  in  this 
Laboratory-  which  demonstrate  that  the  rate  of  production  of  ammonia  minute 
by  minute  over  the  first  half  hour  after  collection  of  a  saliva  sample  is  very- 
small.  Duct  saliva  might  of  course  have  a  very  low  ammonia  concentration 
but  the  difficulty-  of  obtaining  sterile  saliva  from  a  duct  would  lx?  very  great 
indeed. 

We  are  not,  therefore,  in  a  position  to  account  for  the  correlation  we  have 
observed. 

A  [)oint  of  interest  is  that  of  the  significance  of  this  work  in  the  ammonia- 
dental  caries  relationship.  Some  workers  now  believe  that  the  first  invasion  in 
dental  caries  is  initiated  by  proteolysis  of  enamel  protein  by  unknown  organisms, 
rather  than  by-  acid  decalcification.  We  prefer  to  reserve  judgment  in  this 
matter  but  would  like  to  point  out  that  the  investigation  of  corollaries  of  the 
acid  theory-  might  throw  some  light  on  its  validity.  One  of  the  main  points 
of  significance  arising  from  our  ol>servations  lies  in  the  presentation  of  aihli- 
tional  evidence  of  the  nonparticipation  of  ammonia  in  the  pr«‘vention  of  acid 
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production  by  saliva.  This  result  is  in  keeping  with  the  observations  on  other 
aspects  of  tbe  ammonia-dental  caries  relation.ship  we  have  previously  published,' 
namely,  that  saliva  from  caries-free  subjects  incubated  for  periods  up  to  ei«jht 
days  produced  less  ammonia  than  did  similar  samples  from  caries-active  subjects. 


SrMMARY 

1.  A  statistically  siijniticant  positive  correlation  exists  between  acid  pro- 
duceil  (HI  incubation  of  saliva-fflucose  mixtures  and  the  ammonia  concentration 
(a)  initial  and  (b)  after  incubation. 

2.  This  correlation  extends  to  all  fjroups  of  subjects  studied  including  a 
^roup  of  “caries-low”  school  children. 

3.  The  significance  of  the  observations  is  discussed. 

Wc  wish  to  expr«*s.s  our  thanks,  first,  to  the  School  Dental  Authorities  of  Newcastle 
upon  Tyne  for  their  cooperation  and  help  in  puttinf^  us  in  touch  with  the  jjroups  of  caries-low 
and  caries-active  school  children;  second,  to  the  subjects  themselves  who  loyally  stuck  to  the 
task  of  providing  the  samples  of  saliva  and,  third,  to  Miss  Nancy  McI..eod  for  her  most 
valuable  technical  assistance  during  the  course  of  this  work. 

The  expenses  of  the  research  were  defrayed  by  a  grant  from  the  Research  Committee 
of  King’s  College,  Newcastle  upon  Tyne,  which  we  wisli  to  acknowledge  with  grateful  thanks. 
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KNAMKL  LAMKLLAK  ANF)  TIFEIU  ORTOIN 

CHARLES  F.  BODECKEB,  D.D.H. 

Hirknry,  A\  C. 

INTEREST  in  (*11811101  iaiiiellae  is  RrowitiR.  They  may  lie  a  (•oniiiioii  site  for 
initial  (iental  oarii's  lesions  on  occlusal  surfaces  of  molars  and  pn’molars. 
These  structures  wen*  described  in  1J)06  as  “slieetlike  processes  of  orjfanie 
matter  orii;inatinR  at  the  dentinal  margin  and  passing  into  the  outer  boundary 
of  the  enamel.”’  Tn  11124  their  presence  was  independently  confirmed  by 
Malleson.* 

Much  has  bei'n  written  indieatinji?  that  these  lamellae  predispose  teeth  to 
caries,  but  little  has  lieen  written  as  to  their  origin.  (Jottlieb^  claimed  that  they 
are  formed  embryonieally,  although  this  concept  is  not  supported  by  examination 
of  formiiifr  teeth.  lienee,  another  approach  ref?ardinR  their  origin  is  suRRested. 

In  a  recently  ])ubli.shed  symposium  on  enamel  lamellae^  Soffnnaes  advanced 
the  idea  that  these  structures  are  cracks  in  the  enamel.  In  this  concept  I 
partially  concurred.  IIow*ever,  cracks  and  enamel  lamellae  are  not  identical. 
Cracks  disappear  when  the  enamel  is  decalcified,  while  lamellae  persist  in  the 
form  of  a  coherent  organic,  sheetlike  process.  What  is  the  origin  of  this 
organic  material?  There  appears  to  bt*  two  pos.sibilities,  viz.,  from  (1)  the 
saliva,  and  (2)  the  tissue  fluid  in  the  dentin. 

1.  The  Saliva. — The  seepage  of  saliva  into  a  crack  in  enamel  is  undoubtedly 
I)os.sible.  One  instance,  how^ever,  in  which  a  lamella  was  not  formed  in  this 
manner  is  demonstrated  in  a  photomicrograph  by  Hodson.®  He  show's  (Fig.  1) 
a  section  of  enamel  of  an  unerupted  premolar  in  which  a  lamella  pas.ses  through 
the  entire  enamel,  both  the  mature  and  immature.  As  this  tooth  had  not  erupted, 
it  seems  evident  that,  in  this  instance,  the  organic  material  composing  the  enamel 
lamella  could  not  have  originated  from  the  saliva.  The  crack  considered  respon¬ 
sible  for  the  lamella  in  this  case  may  w’ell  have  been  caused  by  the  pressure  of 
the  forceps  while  remo%ing  the  tooth. 

2.  7’i.s.s‘Mc  Fluid  in  Dentin. — I  am  advancing  a  more  biologic  concept,  viz., 
the  organic  material  isolated  as  an  enamel  lamella  originates  from  this  tissue 
fluid. 

Before  discussing  this  concept,  a  brief  review’  of  the  characteristics  and 
origin  of  the  dentin  tissue  fluid  is  in  order.  All  tissues  of  the  body  are  |H*r- 
meated  by  a  fluid.  Experiments  have  shown  that  neither  dentin  nor  enamel  are 
exceptions  to  this  rule.  This  concept,  however,  was  contrary  to  general  belief, 
as  enamel  has  been  regarded  until  (juite  recently  as  l)eing  isolated  from  luxly 
fluids.  Nevertheless,  the  presence  of  a  tissue  fluid  was  demonstrated  by  vital 
staining*  and  later  confirmed  by  the  use  of  radioactive  isotopes,  the  most  recent 
of  these  l>eing  those  of  Wainwright^  and  Bartelstone.® 

Read  before  the  meetlnK  of  the  New  York  Section  of  the  International  Aaaoclatlon  for 
I>ental  Research,  New  York,  N.  Y.,  May  26,  1962. 

Received  for  publication.  Auk.  6,  1952;  revised  by  author,  Jan.  6,  1963. 
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Tlte  fluid  ju’esont  in  (Unitin  and  enamel  shouhl  be  desiffnated  more  s|>e- 
eifieally  as  “dental  lymph"  and  not  as  tissue  Huid.  })eeause  vital  staining  experi- 
ments'"*  have  shown  that  it  i>asses  through  the  o<lontohlasts  into  the  dentinal 
til)ers  whieh  distribute  it  to  the  dentin  ami  enamel.  Thus,  it  does  not  a|)pear  to 
he  the  same  as  the  Huid  present  in  musele  or  areolar  eonneetive  tis.sues.  The 
dental  lymph  a])pears  to  have  a  speeitie  purpose  related  to  ealeitieation  of  the 
dentin  and  enamel  and  is  deserihed  as  “dental  lymph"  rather  than  “dentinal 
lymph,"  heeause  it  permeates  not  only  the  dentin,  hut  also  the  enamel. 


Fig.  1. — Enamel  lamella  (L)  in  an  unerupted  premolar  indicates  that  the  organic  ma¬ 
terial  of  which  it  is  composed  did  not  stem  from  the  saliva.  Lamella  passes  through  Imma¬ 
ture  (j1),  partially  mature  enamel  (B),  and  mature  enamel  (C).  (Courtesy  of  Hodson.*) 


The  chemistry  of  the  “dental  lymph”  is  as  yet  obscure.  Even  so,  there  is 
some  indication  of  its  having  a  jirotein  content.  Evidence  for  this  statement  is 
mentioned  briefly.  The  common  concept  of  the  dentinal  fiber  is  that  of  a 
!  homogeneous,  protoplasmic  process  of  the  odontoblast.  Its  homogeneous  char¬ 
acter  appears  to  lie  confirmed  by  an  examination  of  routinely  prepared  sections 
in  which  dentinal  fillers  ajipear  solid.  That  this  is  not  their  true  state  during 
life  can  lie  shown  by  two  siiecific  technics.  Tiny  dentin  fragments  of  a  freshly 
extracted,  unfixed  tooth  are  immersed  in  ])yridine  under  repeated  evacuation  of 
the  atmospheric  air  by  a  vacuum  pump,  thus  washing  out  the  fluid  content 
(“dental  lymiih")  in  the  dentinal  fillers.  When  these  fragments  are  decalcified 
and  sectioned,  the  dentinal  “fibers”  do  not  appear  solid,  but  as  hollow  tubes.* 
Further  evidence  that  the  dentinal  tibei-s  are  fluid-filled  tubes  during  life  has 
lH*en  shown  by  means  of  a  rather  involved  technic  of  incineration  and  subsequent 
partial  d(*cah*ification."’ 
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Recently  Scott,  Albii^ht,  SoKiinaes,  ami  Wyckoff”  liave  clinche<l  the  concept 
that  the  dentinal  filM'r  is  tnlnilar  in  character.  On  reipiest.  Dr.  Scott  Hni»iilie<l  an 
exceptionally  clear  elei'tron  ])hotoinicroRraph  (FIr.  2)  which  he  <leH«*riheM  as  an 
ol)li(ine  (almost  cross)  secti<m  of  demineralized  matnre  ilentin,  magnification 
almost  flOOOx  in  the  print,  and  states:  “I  should  like  to  call  yonr  attention  to 
the  fact  that  while  this  mieroRraph  eom])ai-es  very  well  with  the  onlinarx'  optical 
picture,  we  do  have  some  evidence  that  the  dentinal  filler  may  shrink  in  han¬ 
dling.  Of  course,  we  have  no  evidence  yet  as  to  what  may  have  lieen  insiile, 

or  possibly  around,  such  fillers,  but  1  think  you  will  l)e  (piite  safe  in  as.sumin>r 

that  the  fiber  is  thin-walled  and  of  a  generally  tulwlike  character. ”  Thus, 
contrary’  to  the  aoeejiteil  idea,  dentin  appeai-s  to  Im*  traversed  by  a  system  of 

delicate  tubes  instead  of  solid  fillers  radiating  from  the  pulp. 


r'lK.  2. — Electron  photomicrograph  of  dentinal  fiber  (F)  shown  as  a  tube:  DT  =  dentinal 
tubule.  (Courtesy  of  Scott.  Albright,  ^gnnaes,  and  Wyckoff.”) 

With  the  adoption  of  the  concept,  on  the  basis  of  this  evidence,®’*®  that 
dentin,  and  to  a  lesser  extent  enamel,  is  i)ermeated  during  life  by  a  protein¬ 
bearing  fluid,  the  origin  of  the  organic  material  isolated  as  enamel  lamellae  1h*- 
conies  more  comprehensible. 

The  similarity  of  enamel  lamellae  to  cracks  has  lK*en  emphasized  hy  all 
investigators  working  in  this  field.  This  similarity  is,  indeed,  so  marked  that 
differentiation  Ijetween  cracks  and  enamel  lamellae  can  lie  achieve<i  only  by 
means  of  decalcifying  the  enamel.  Whether  or  not  a  crack  contains  organic 
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material  is  dependent  on  the  time  it  oeenrs.  When  the  enamel  of  a  vital  tooth 
is  eraeketl,  “dental  lymph"  seeps  into  the  ereviee,  and  thus  a  lamella  is  formed. 
If,  on  the  other  hand,  the  eraek  oeenrs  durinff  the  ftrindin^;  of  a  section  for  the 
mieroseope,  the  eraek  i*emains  empty  and,  therefon*,  disap])ears  on  deealeifieation 
of  the  enamel. 

Another  indication  that  enamel  lamellae  are  the  result  of  eraekinj?  of  the 
enamel  rests  in  the  two  types  described  by  Gottlieb'*:  one  involving  solely  the 
enamel,  the  other  i>enetratinfj  into  the  dentin.  The  varying  depth  penetration  of 
the  eraek  appears  to  be  determined  by  the  streiiffth  of  the  impact.  Mild  trauma 
causes  a  slight  crack  involvinfj  only  the  enamel  (Tyjie  I),  while  a  more  sevei-e 
force  may  extend  the  crack  into  the  dentin  (Type  II).  Finally,  if  trauma  is 
very  severe,  an  entire  cusp  can  he  split  off,  somethinfj  which  quite  commonly 
occurs  in  a  fractured  premolar. 


Kig.  3. — Transverse  section  about  500  micron  thick  of  lower  molar  decalcifled  under  the  cover- 
glass  shows  numerous  lamellae  (L)  Joining  enamel  cuticle  (C)  to  dentin  (D)  ;  T  =  tufts. 

Enamel  lamellae  in  occlusal  jiits  and  fissures  of  molars  and  premolars  are 
generally  regarded  as  making  these  areas  particularly  vulnerable  to  dental 
caries.  However,  the  lateral  surfaces  of  these  teeth  also  may  show  a  number  of 
lamellae,  as  noted  in  Fig.  3,  a  transverse  section  of  human  mandibular  molar, 
decalcified  under  the  cover  glass.  Further  investigation  is  indicated  to  determine 
whether  or  not  the  occasional  rapid  and  deep  penetration  of  proximal  caries  is 
facilitated  by  enamel  lamellae  in  these  areas. 


Fig.  4. — Part  of  a  transverse  section  of  a  molar  of  a  horse  showing:  lamella  {D  or  crack 
passing  from  cementum  (Oe) -covered  enamel  (£)  causing  a  reaction  in  the  dentin  ID). 

Fig.  5. — More  extensive  crack  (C)  in  horse  molar  running  also  obliquely  across  enamel 
rods  (C)  which  during  life  would  be  fliled  with  dental  lymph  (Ce). 
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Lamellae  and  cracks  in  enamel  are  by  no  means  peculiar  to  the  teeth  of 
man.  As  a  matter  of  fact,  they  are  even  more  common  in  the  teeth  of  animals, 
such  as  the  horse  and  cow.  This  is  to  l>e  expected,  since  forceful  mastication 
is  more  common  in  animals  than  in  man.  Fig.  4,  a  transverse  section  of  a 
molar  of  a  horse,  shows  a  lamella  (L)  passing  from  the  eementum  (Cc) -covered 
enamel  {E),  causing  a  reaction  in  the  dentin  (D).  Parenthetically,  it  may  be 
^id  that  this  reaction  would  be  ascribed  to  caries  if  the  specimen  were  that  of 
a  human  tooth.  As,  however,  this  disease  does  not  affect  the  horse,  it  appears 
due  to  other  causes,  possibly  a  vital  reaction  of  the  dentin  to  the  irritation  of 
the  injury. 

Fig.  5,  likewise  a  transverse  section  of  a  molar  of  a  horse,  shows  an  extensive 
crack  {€)  running  obliquely  across  the  enamel  rods  involving  the  dentin  (C'). 
This  condition  has  been  termed  a  pseudolamella. 

The  fact  that  enamel  lamellae  are  present  in  ])rofusion  in  the  teeth  of 
animals  which  do  not  .suffer  from  dental  caries  suggests  that  the  enamel  lamella 
is  not  a  contributing  factor  in  this  disease.  However,  lamellae  may  be  areas 
of  lowered  resistance  which  permit  entrance  of  the  attacking  factor  of  dental 
caries:  acid  or  enzyme.  When  this  factor  is  absent  tooth  destruction  may  not 
occur  and,  further,  when  lamellae  are  absent  the  rate  of  tooth  destruction  may 
be  reduced  markedly. 

The  ease  of  penetration  of  the  carious  process  is  determined  by  the  physical 
state  of  enamel  lamellae.  These  structures  have  been  described  as  organic  sheet¬ 
like  processes  as  suggested  by  their  coherent  appearance  under  the  microscope. 
Is  this  the  condition  in  which  they  occur  during  life?  We  are  all  too  prone  to 
conclude  that  tissues  in  the  living  body  are  in  the  same  state  as  that  viewed 
under  the  microscope.  We  sometimes  disregard  the  effect  of  the  various  chemi¬ 
cals  used  in  the  preparation  of  the  si)ecimens.  It  need  not  he  elaborated  that 
this  is  indeed  a  fallacy. 

There  appear  to  be  two  possibilities  regarding  the  physical  state  of  enamel 
lamellae  in  vital  teeth:  (1)  The  “dental  lymph”  filling  the  crack  is  fluid  and 
is  only  subsequently  coagulated  into  a  coherent  structure  when  the  tooth  is 
preserved  in  formalin,  alcohol,  etc.  (2)  The  “dental  lymph”  in  the  crack 
becomes  solidified  during  life  through  some  obscure  chemical  change. 

Of  the  two  possibilities,  the  former  seems  more  likely,  particularly  when  we 
take  into  account  the  ease  with  which  silver  nitrate  penetrates  enamel  lamellae 
from  the  tooth  surface.  This  permeability  of  lamellae  is  also  suggested  by  the 
observations  of  Manley'*  that  all  these  structures  are  infected.  It  is  clear, 
therefore,  that  the  physical  state  of  enamel  lamellae,  fluid  or  solid,  is  an  im¬ 
portant  factor  in  the  rate  of  caries  penetration.  How  these  may  be  closed  may 
be  a  fruitful  subject  for  further  investigation. 

CONCMTSION 

Enamel  lamellae,  which  have  been  described  by  some  authors  as  the  most 
common  sites  of  dental  caries  lesions  in  molar  teeth  of  children,  appear  to  be 
fluid-filled  cracks  in  the  enamel,  and  not  organized  structures.  As  such,  the 
external  tooth-destructive  factors  can  penetrate  them  more  readily  than  through 
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sound  enamel.  Ways  may  be  found  of  decreasing  the  permeability  of  lamellae 
and  thus  materially  increasing  the  resistance  of  the  teeth  to  external  attack. 
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PRENATAI.  INFLUENCES  ON  TOOTH  DEVELOPMENT 
1.  Alix)xax  Diabetes  ix  Rats 

SKYMOl'R  J.  KRESHOVEK,  O.  WENDELL  CLOUGH,  AND  DAVID  M.  BEAR 
The  Medical  College  of  Virginia,  School  of  Dentistry,  Eichmond,  Fa. 

ISTURBANCES  in  the  development  of  teeth  have  been  attributed  to 
wide  variety  of  disease  processes.  Most  such  relationships  have  lieen 
established  by  means  of  clinical  evidence.  Additional  information  relative  to 
etiologry  and  pathogenesis  has  been  provided  by  experimental  investigation. 

From  a  review  of  the  literature  on  the  subject  of  abnormal  amelogenesis. 
it  may  be  reasonable  to  state  that  these  defects  are  nonspecific  and  cannot  be 
associated  definitely  with  a  particular  disease  process  or  injury.  It  is  reason¬ 
able  to  as.sume  further  that  a  number  of  disease  processes,  not  yet  investigated, 
may  affect  tooth  development  unfavorably.  Such  dental  abnormalities  are  of 
significance  in  that  they  may  afford  pictorial  evidence  of  previous  illness, 
as  well  as  an  indication  of  disease  generalization.  Since,  however,  the  his- 
topathology  of  developmental  dental  abnormalities  may  be  so  strikingly 
similar  in  individuals  with  different  etiologic  backgrounds,  the  meaning  of 
generalization  necessarily  must  be  qualified.  A  characteristic  of  highly  dif¬ 
ferentiated  cells,  such  as  ameloblasts,  is  their  high  degree  of  susceptibility  to 
injurious  agents.  It  may  be  anticipated,  therefore,  that  many  types  of  sys¬ 
temic  disturbances  may  elicit  a  ready  and  similar  ameloblastic  tissue  response. 
Conversely,  it  is  conceivable  that  such  common  denominators  of  disease  as 
fever,  certain  metabolic  and  endocrine  dysfunctions,  anoxia,  etc.,  may  be  the 
actual  causative  agents  of  dental  abnormalities. 

Little  information  is  available  regarding  prenatal  influences  on  tooth  de¬ 
velopment.  That  their  significance  remains  a  moot  question  is  attested  by  the 
paucity  of  information  in  the  literature  and  the  content  of  the  published  re¬ 
ports.  Sarnat  and  Schour,*  in  a  study  of  sixty  patients,  reported  no  instances 
of  hypoplastic  defects  of  the  enamel  formed  during  the  prenatal  period.  They 
called  attention,  however,  to  the  scarcity  of  deciduous  teeth  in  the  cases  re¬ 
viewed.  Mellanby,^  on  the  other  hand,  studied  the  dental  tissues  of  the  offspring 
of  rats  rendere<l  vitamin  A  deficient  during  the  gestational  period,  and  noted 
<  abnormally  shaped  inei.sors  and  molars  and  retarded  tooth  development.  Prior 
to  either  of  these  reports.  Diamond  and  WeinmaniP  stated  their  conviction 
that  the  metabolic  disturbances  responsible  for  enamel  hypoplasia  must,  for 
the  most  part,  occur  during  the  last  half  of  intrauterine  life  and  before  the 
end  of  the  first  year  of  life.  More  recently,  Evans*  reported  dental  defects  in 
a  high  percentage  of  children  born  of  mothers  who  had  rubella  during  preg¬ 
nancy.  These  abnormalities  consisted  primarily  of  retarded  tooth  eruption 
and  hypoplasia. 

This  investiifation  was  supiMirted  by  a  research  Krant  from  tl»e  United  States  Public 
Healtli  Service. 

Received  for  publication,  Aujf.  11,  1952;  revised  by  author  Feb.  6.  1953. 
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It  is  the  purpose  of  this  study  to  investigate  the  etiology  of  develop¬ 
mental  dental  abnormalities  and  the  significance  of  generalized  maternal  dis¬ 
turbances  during  the  prenatal  period.  Owing  to  the  several  disease  processes 
made  available  for  investigation,  the  different  species  of  animals  studied,  and 
the  consequent  variance  of  experimental  methods,  it  is  deemed  advisable  to 
record  our  findings  in  a  sequence  of  separate  reports.  The  first  of  these  shall 
deal  with  the  general  subject  of  experimentally  induced  diabetes. 

REVIEW  OF  THE  LITERATITRE 

Prior  to  the  announcement  in  1943®  that  alloxan  is  capable  of  causing 
neciosis  of  the  pancreatic  islets  of  Langerhans,  the  experimental  study  of 
diabetes  was  somewhat  limited.  Thereafter,  much  use  was  made  of  this  ex¬ 
perimental  tool.  One  of  the  most  significant  objectives  was  to  further  our 
understanding  of  the  effect  of  diabetes  and  pregnancy  on  each  other. 

Before  the  discovery  of  insulin,  an  unsuccessful  termination  of  pregnancy 
in  the  diabetic  patient  was  quite  common.  Indeed,  even  with  our  present-day 
methods  of  treatment,  the  stillbirth  rate  is  about  twice  that  in  nondiabetie 
pregnancies.®  Among  the  abnormalities  reported  in  the  young  of  both  con¬ 
trolled  and  uncontrolled  diabetic  mothers  are  maerosomia,  cardiac  enlarge¬ 
ment,  increased  erythropoiesis,  and  hyperplasia  of  the  adrenals,  gonads,  and 
pancreatic  islets.  Seemingly,  little  attention  has  been  given  to  the  possible 
infiuence  on  tooth  development. 

In  clinical  studies,  Ziskin,  Siegel,  and  LoughliiP  reported  no  significant 
abnormalities  in  tooth  development  in  eighty-one  diabetic  children.  Brauer 
and  Bahadar®  similarly  found  no  significant  evidence  of  disturbed  calcification 
or  eruption  in  100  diabetic  children.  Neither  of  these  reports  included  a  his¬ 
tologic  examination  of  the  teeth  nor  recorded  evidence  of  maternal  disea.sc  such 
as  diabetes  during  fetal  development.  In  reported  studies  of  diabetes  in  ex¬ 
perimental  animals  no  mention  has  been  found  of  a  possible  influence  on  tooth 
development. 

MATERIALS  AND  METHODS 

Forty-four  adult  female  virgin  albino  rats  of  Wistar  strain  were  used  in 
this  study.  Body  weights  ranged  from  175  to  250  grams.  A  nutritionally  ade¬ 
quate  diet  was  fed  all  animals.  Matings  were  performed  with  noi'inal,  non¬ 
diabetie  males  of  jii-oved  fertility.  The  onset  of  gestation  was  recorded  as  the 
day  when  spermatozoa  were  demonstrated  in  vaginal  smears.  The  females 
were  then  segregated  and  their  subseiiuent  course  of  pregnancy  followed  by 
weight. 

Thirty-nine  animals  were  injected  intraperitoneally  with  a  freshly  pre¬ 
pared  10  per  cent  solution  of  alloxan.  The  average  dosage  was  155  mg.  per 
kilogram  of  body  weight.  Where  a  single  dose  failed  to  produce  a  charac¬ 
teristic  ])ersistent  hyperglycemia  and/or  glycosuria,  repeated  injections  were 
made.  No  more  than  three  doses  were  given  these  rats.  In  .several  instances 
there  was  no  response  to  the  drug.  Nonfasting  blood  sugar  determinations  by 
the  micromethod  of  Folin  and  Wu  were  made  before  alloxan  injection  (prefer¬ 
ably  at  the  onset  of  pregnancy)  and  at  intervals  thereafter.  Although  an  at- 
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tempt  was  made  to  complete  this  procedure  on  routinely  scheduled  days,  this 
was  not  always  possible  owing:  to  the  occasional  difficulty  in  collecting:  blood 
from  the  tail  vein.  In  order  to  provide  a  complete  record  of  the  “diabetic” 
status,  repeated  urinalyses  for  sugar  were  done  by  Benedict's  (jualitative  test. 

The  experimental  animals  were  grouped  into  categories,  depending  upon 
their  stage  of  pregnancy  at  the  time  of  drug  administration.  In  those  eases 
where  a  rat  received  more  than  one  dose,  the  day  of  pregnancy  on  which  the 
last  injection  was  given  determined  the  category  into  which  the  animal  was 
placed.*  Seven  animals  received  alloxan  during  the  first  trimester  (one  to 
seven  days) ;  sixteen  during  the  second  trimester  (eight  to  fourteen  days) ; 
and  sixteen  during  the  third  trimester  (fifteen  to  twenty  days).  Owing  to  the 
relatively  short  period  of  gestation  in  rats  and  the  brief  interval  between 
alloxan  injection  and  expected  date  of  delivery,  there  was  usually  insufficient 
time  to  diagnose  a  state  of  persistent,  permanent  diabetes,  particularly  in  those 
animals  that  died  during  pregnancy  or  shortly  thereafter. 

All  animals  in  the  experimental  group  were  controlled  by  injections  of 
protamine  zinc  insulin  given  in  such  frequency  and  dosage  as  was  deemed 
necessary  by  the  degree  of  hyperglycemia  and  glycosuria.  Xo  attempt  was 
made  to  render  the  urine  free  of  sugar.  In  those  instances  where  it  was  sus¬ 
pected  that  a  blood  sugar  level  of  under  200  mg.  per  cent  or  a  qualitative  urine 
sugar  of  less  than  2  plus  was  due  to  insulin,  the  latter  was  discontinued. 

In  the  event  of  a  successful  course  of  pregnancy,  the  newborn  of  each 
mother  were  weighed  and  then  sacrificed  at  intervals  of  1,  7,  21,  40,  and  60 
days  of  age,  respectively.  The  weight  of  each  litter  mate  was  recorded  again 
at  the  time  of  sacrifice  and  blood  collected  for  sugar  determination.  The  max¬ 
illae  and  mandibles  of  all  animals  were  removed  for  histologic  study.  Sections 
of  pancreas,  liver,  and  kidney  also  were  saved  for  examination.  Similar  gross 
and  microscopic  studies  were  made  of  the  alloxan-injected  rats  at  the  time  of 
their  sacrifice,  as  well  as  of  the  contained  fetuses  of  animals  dying  before  term. 

In  the  group  of  five  control  animals  not  receiving  alloxan,  the  course  of 
pregnancy  was  observed,  blood  sugar  determinations  were  made  at  periodic 
intervals,  and  the  delivered  young  sacrificed  and  examined  in  the  same  man¬ 
ner  as  outlined  for  the  experimental  group.  After  weaning,  the  mothers  were 
sacrificed  and  similarly  studied. 

The  histologic  technic  employed  in  the  serial  preparation  of  the  jaws  was 
as  descril)ed  by  Arnim*  and  Burket.*"  The  soft  tissues  were  prepared  by  the 
usual  paraffin  metho<l. 

Kixnixos 

Inasmuch  as  the  present  study  provided  data  additional  to  the  primary 
dental  objectives,  these  findings  will  l)e  incorporated  in  this  rejun't. 

Of  the  thirty-nine  rats  receiving  alloxan,  relatively  few  survived  for  a 
sufficient  perio<I  to  confirm  a<lequately  a  diagjiosis  of  persi.stent  or  permanent 
dial)etes  (Table  I),  Fifteen  animals  died  within  ten  days  of  drug  admin- 

•To  better  serve  the  purpose  of  experimental  grouping,  the  terms  first,  second,  and 
third  trimester  wiil  be  used  to  designate  the  time  of  alioxin  administration  after  a  positive 
va^nai  smear,  without  rejjard  for  a  confirmed  diagnosis  of  pregnancy. 
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Table  I 


TIME  OF  ALIXJXAN 
ADMINISTRATION 

1 

KIXKM*  SrOAK 

(  mg.  %  ) 

MATERNAL  MORTALITY 
(DAYS  AFTER  ALIXJXAN ) 

TERMINATION  OF 
PREGNANCY* 

LIVE  BIRTHS 

X 

X 

BIRTH  WEIGHT 
(GM.)  AVERAGE 

S 

X  X 
ai« 

P  u 

X 

q 

< 

u 

0. 

POST¬ 

ALLOXAN 

AVERAGE 

RANGE 

During  first  week 

1 

131 

342 

319-386 

58 

Del. 

7 

6 

4.7 

after  mating 

2 

128 

295 

204-361 

30 

Del. 

6 

0 

6.2 

3 

105 

253 

111-400 

7 

Dietl 

14 

4 

111 

346 

339-353 

13 

N.  D. 

5 

85 

279 

76-491 

8 

N.  D. 

6 

124 

462 

326-806 

7 

N.  D. 

7 

73 

15-168 

50 

N.  D. 

During  second  week 

8 

115 

7 

Died 

5 

after  mating 

9 

120 

459 

459 

12 

Del. 

9 

1 

10 

111 

340 

340 

1 

Diet! 

10 

11 

132 

159 

112-271 

24 

Del. 

10 

0 

5.2 

12 

89 

454 

152-834 

21 

Del. 

0 

2 

2.4 

13 

101 

186 

85-331 

22 

Del. 

8 

i 

14 

115 

272 

93-358 

26 

Del. 

7 

0 

6.2 

15 

143 

333 

134-475 

19 

Del. 

6 

0 

16 

106 

160 

115-236 

15 

Del. 

2 

0 

4.2 

17 

124 

168 

88-385 

22 

Del. 

3 

0 

6.4 

18 

125 

298 

108-488 

3 

Died 

8 

19 

259 

130-333 

13 

Sac. 

1 

20 

116 

31 

Del. 

4 

0 

21 

108 

156 

70-242 

15 

N.  I). 

oo 

120 

296 

62-432 

47 

N.  D. 

23 

108 

260 

75-445 

11 

N.  D. 

During  third  week 

24 

121 

259 

75-354 

6 

Del. 

3 

0 

4.8 

after  mating 

25 

96 

227 

86-405 

12 

Del. 

12 

0 

5.4 

26 

99 

.397 

.397 

4 

Del. 

8 

0 

6.5 

27 

98 

92  352 

5 

Res. 

28 

99 

252 

.37-440 

9 

Del. 

10 

0 

5.2 

29 

113 

170 

5.3-441 

6 

Sec. 

13 

0 

3.4 

30 

117 

401 

.337-460 

17 

Del. 

8 

0 

4.3 

31 

90 

287 

211-328 

5.3 

Del. 

1.3 

0 

5.0 

32 

112 

.342 

.307-378 

16 

Del. 

10 

0 

5.7 

33 

79 

142 

109-290 

24 

Del. 

11 

1 

6.1 

34 

92 

88 

6.3-155 

29 

Del. 

8 

0 

5.1 

35 

100 

156 

24-289 

7 

Del. 

3 

2 

4.1 

36 

120 

119 

91-16.3 

16 

Del. 

1.3 

0 

37 

87 

295 

295 

1 

Died 

9 

38 

126 

238 

2.38 

2 

Res. 

1 

39 

110 

4.33 

1.3.3-79.3 

6 

N.  D. 

Control  rats 

40 

126 

_ 

- 

Del. 

8 

0 

5.8 

(not  injected) 

41 

113 

- 

_ 

Del. 

11 

0 

5.1 

42 

118 

- 

_ 

Del. 

11 

0 

5.5 

43 

112 

- 

Del. 

11 

0 

6.0 

44 

95 

- 

- 

Del. 

12 

0 

6.5 

•Del..  8pontaneou8  rlelivery;  died,  died  br'fore  delivery:  N.  D..  no  delivery;  Res.,  reaorbed  ; 
Sac..  8acriflce<l ;  Sec.,  delivery  by  oeaarean  section. 


istration,  and  sixteen  othei’s  i)rior  to  the  thirty-firat  day.  There  was  appar¬ 
ently  no  significant  or  consistent  correlation  between  varying  dosages  and  the 
degree  of  alloxan  response  as  determined  by  sugar  levels  in  the  blood  and 
urine.  In  many  instances,  hyperglycemia  and  glycosuria  persisted  until 
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death.  Other  rats,  however,  denioiistratetl  a  return  to  normal  blood  and  urine 
sugar  values  after  variable  i>eriods.  A  few  of  the  animals  failed  almost  eom- 
pletely  to  respond  to  alloxan,  even  after  repeated  injeetions.  Aecounting  for 
the  low'  blood  sugar  levels  represente<l  in  the  ranges  of  some  of  the  animals 
(Rats  13,  22,  and  27)  was  the  time  of  blood  withdrawal,  previous  investigators 
having  shown  that  a  transient  hypoglycemia  follow's  shortly  after  alloxan 
administration.”  In  other  cases  (Rats  5,  14,  17,  21,  and  23),  the  low  levels 
probably  represent  a  response  to  insulin  after  the  development  of  a  hyper¬ 
glycemia.  Of  consideral)ly  more  interest  is  the  marked  fall  in  blood  sugar 
manifested  by  Rats  24,  25,  28,  29,  34,  and  35  on  the  day  or  days  immediately 
before  or  after  delivery.  These  low  values  could  not  be  attributed  alone  to 
the  small  amounts  of  insulin  that  were  given.  Another  animal  (Rat  7) 
showed  a  drop  to  15  mg.  per  cent  on  the  day  of  its  death  at  ten  days’  gesta¬ 
tion.  Alloxan  had  been  given  fifty  days  previously.  An  initial  mating,  one 
day  after  drug  administration,  had  failed  to  result  in  a  successful  course  of 
pregnancy. 

Unfortunately,  it  is  not  possible  to  hypothecate  the  ultimate  course  of 
those  hyperglycemic  rats  dying  shortly  after  alloxan  administration.  There¬ 
fore,  any  grouping  of  this  series  of  animals  into  diabetic  and  nondiabetic 
categories  w’ould  be  open  to  question.  Furthermore,  the  post-mortem  his¬ 
tologic  findings  of  pancreatic  islet  damage  failed  to  correlate  significantly  with 
the  clinically  manifest  response  to  alloxan  (Fig.  1).  In  many  instances,  an¬ 
imals  that  showed  variable  or  little  response,  as  determined  by  blood  and  urine 
studies,  showed  appreciable  histopathologic  changes  in  their  pancreatic  tissues. 

For  the  reasons  given,  any  evaluation  of  findings  might  best  be  on  the 
basis  of  alloxan  effect  per  se,  rather  than  diabetes. 

As  seen  in  Table  I,  thirty-one  rats  show'ed  positive  evidence  of  pregnancy 
as  denoted  either  by  delivery  or  the  presence  of  products  of  conception  at  au¬ 
topsy  examination.  Of  the  eight  animals  failing  to  show  evidence  of  preg¬ 
nancy  beyond  the  presence  of  spermatozoa  in  vaginal  smears,  four  w'ere  from 
the  group  of  seven  that  received  alloxan  within  one  week  of  mating,  three 
were  from  the  group  of  sixteen  given  the  drug  during  the  second  week  after 
mating,  and  one  w'as  from  the  group  of  sixteen  injected  during  the  third  week 
after  mating.  With  the  ’possible  exception  of  the  last  animal,  which  showed 
a  w'eight  gain  prior  to  its  first  dose  of  alloxan  on  the  ninth  day  and  a  subse¬ 
quent  weight  loss,  it  could  not  be  stated  w  ith  any  degree  of  assurance  whether 
these  rats  failed  to  conceive  or  had  their  pregnancies  interrupted.  Autopsy 

Kig.  1. — Pancreas  of  Rat  14  showing  cellular  necrosis  in  islet  of  Rangerhans.  (X200.) 

Kig.  2. — Mandibular  incisor  of  control  animal  showing  normal  appearance  of  amelo- 
blasts.  organic  enamel  matrix,  dentin,  and  pulp.  (Xl40. ) 

Fig.  3. — Mandibular  incisor  of  Rat  3  showing  deposits  of  amorphous,  hematoxylin-staining 
material  on  the  surface  of  the  organic  enamel  matrix.  Ameloblasts  are  somewhat  disarranged, 
and  the  basement  membrane  to  the  right  is  interrupted.  (  X  200. ) 

Kig.  4. — Maxillary  Incisor  of  Rat  18  showing  hematoxylin-staining  droplets  contained 
in  vacuolated  ameloblasts.  An  underlying  mass  of  enamel-like  material  is  separated  from 
the  enamel  surface  by  artifact.  (X460. ) 

Fig.  5. — A  higher  magnification  of  the  ameloblastic  zone  in  Fig.  4.  Numerous  droplets 
are  coalesced  into  larger  formations.  (XIOOO. ) 

Fig.  6. — Mandibular  Incisor  of  Rat  18.  The  ameloblastic  layer  shows  marked  degenera¬ 
tive  change  with  pyknosis  and  karyolysis  of  nuclei.  Prominent  in  the-  field  is  a  large,  vacuo¬ 
lated,  globular  mass  containing  degenerated  cells.  (X200. ) 


F1k8.  1  to  6.  (For  leffeiida,  nee  opposite  pape.) 


252 


KRESHOVER,  CLOUGH,  AND  BEAR 


J.  D.  Re«. 
April,  1953 


examinations  performed  on  six  of  the  animals  that  died  either  prior  to  the 
normally  expected  time  of  delivery  or  shortly  thereafter  disclosed  no  evidence 
of  pregnancy. 

In  addition  to  these  findings,  some  attention  may  be  directed  to  the  pos¬ 
sible  relationship  of  maternal  mortality  to  time  of  drug  administration.  Of 
the  seven  animals  given  alloxan  during  the  first  trimester,  four  died  before 
the  expected  date  of  delivery.  Only  one  of  these  rats  showed  evidence  of  preg¬ 
nancy  at  autopsy.  In  the  group  of  sixteen  rats  given  alloxan  during  the  sec¬ 
ond  trimester,  three  died  before  delivery.  These  animals  were  found  to  be 
pregnant.  Only  one  rat  of  the  third  trimester  group  died  before  term.  It, 
likewise,  was  pregnant.  Although  seemingly  significant  at  first  glance,  little 
serious  consideration  may  be  given  these  data  since  the  later  in  pregnancy 
that  alloxan  is  administered  the  shorter  would  be  the  period  remaining  for  the 
animals  to  die  before  delivery.  This  criticism  is  lent  further  credence  by  the 
total  longevity  rates  which  showed  an  average  of  twenty-five  days  for  the 
seven  first-trimester  animals,  eighteen  days  for  the  sixteen  second-trimester 
animals,  and  ten  days  for  the  sixteen  third-trimester  animals.  This  would 
suggest  that  the  last  trimester  may  actually  be  the  most  vulnerable.  How¬ 
ever,  since  there  was  so  wdde  a  variation  of  life  span  in  the  individual  animals 
of  each  group,  these  data  may  be  of  no  significance. 

"With  reference  to  the  percentage  of  animals  delivering  at  term,  there  was 
an  increasing  incidence  of  success  the  later  during  pregnancy  that  alloxan  was 
administered.  Two  of  the  seven  rats  in  the  first-trimester  group  and  nine  of 
the  sixteen  rats  in  the  second-trimester  group  completed  their  pregnancies. 
One  additional  animal  (Rat  19)  in  the  latter  group  was  not  observed  to  deliver 
by  the  twenty-sixth  day  following  a  positive  vaginal  smear.  It  was  sacri¬ 
ficed  and  a  single,  fully  developed  but  gangrenous  fetus  was  found.  It  might 
be  assumed  that  the  remaining  fetuses  were  resorbed  or  that  incomplete  de¬ 
livery  had  occurred  previously  and  the  young  were  eaten  by  the  mother.  In 
the  third-trimester  group,  eleven  of  the  sixteen  rats  delivered  spontaneously 
at  term.  A  twelfth  rat  (No.  29)  appeared  seriously  ill  on  the  twenty-first  day 
and  was  considered  incapable  of  spontaneous  delivery.  A  cesarean  section  was 
done  and  thirteen  viable  young  removed.  The  mother  died  one  day  post- 
operatively.  In  the  case  of  Rat  27,  receiving  alloxan  on  the  sixteenth  and 
twentieth  days  of  gestation,  death  occurred  on  the  fourth  day  after  the  nor¬ 
mally  expected  time  of  delivery.  Autopsy  examination  disclosed  masses  of 
resorbed  placental  tissue,  but  no  fetuses.  Another  instance  of  possible  fetal 
resorption  or  abortion  occurred  in  Rat  J18.  This  animal  died  on  the  seventeenth 
day  of  gestation  shortly  after  the  appearance  of  a  bloody  vaginal  discharge. 
Only  one  fetus  was  found  at  autopsy. 

The  average  weight  of  the  young  of  the  ex])erimental  animals  that  de¬ 
livered  spontaneously  was  5.3  grams.  This  compared  favorably  with  an  aver¬ 
age  of  5.8  grams  for  the  newborn  of  the  control  animals. 

As  seen  in  Table  II,  the  blood  sugar  values  of  the  young  of  alloxan- 
injected  mothers  showed  no  marked  difference  from  the  levels  demonstrated 
in  the  offspring  of  control  motheis.  With  respect  to  the  autopsy  findings  in 
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the  expeiiniental  youiiR,  there  was  some  histologic  evidence  of  pancreatic 
islet  hypertrophy.  This  was  manifest  particularly  before  the  twenty-first 
(lay  of  life.  However,  since  many  of  the  control  young  demonstrated  a  similar 
|)icture,  it  is  questionable  whether  these  findings  have  any  significance. 

Table  II 

Average  Blood  Sugar  Levels  (mg.  per  cent)  at  Time  of  Sacrifice  of  All  Young 
OF  Alixixan-Injected  and  Control  Mothers 


AGE  OF  YOUNG  AT  TIME  OF  SACRIFICE 


MOTHER  RATS 

1  1  DAY 

1  7  DAYS  1 

21  DAYS 

1  40  DAYS 

1  60  DAYS 

Experimental 

^121.9 

13276 

147.5 

137.6 

152.0 

('ontrol 

113.2 

118.2 

137.2 

136.0 

159.3 

No  gross  dental  changes  were  manifest  in  any  of  the  experimental  an¬ 
imals.  However,  histologic  examination  showed  striking  abnormalities.  For 
purposes  of  comparison,  the  normal  architectural  pattern  of  the  tissues  to  be 
described  is  shown  in  Fig.  2.  This  section  is  from  the  proximal  region  of  the 
mandibular  incisor  of  a  control  rat.  The  ameloblasts  are  seen  as  a  regularly 
arranged  layer  of  tall  columnar  cells  overlying  a  uniform  organic  matrix. 
Dentin,  odontoblasts,  and  pulp  are  of  normal  appearance. 

With  few  exceptions,  the  teeth  of  the  alloxan-injected  rats  showed  marked 
changes  in  the  ameloblasts,  organic  enamel  matrix,  odontoblasts,  and  pulp.  As 
seen  in  Figs.  3  and  4,  a  common  finding  was  the  presence  of  enamel-like  ma¬ 
terial  on  the  surface  of  the  organic  enamel  matrix.  This  material  varied  in 
size  and  shape  from  small  globular  formations  to  large,  irregular,  amorphous 
deposits.  In  some  instances,  the  overlying  ameloblasts  were  of  relatively 
normal  appearance  (Fig.  3),  whereas  in  other  cases  (Fig.  4)  they  were  frag¬ 
mented  or  vacuolated.  The  latter  illustration  shows  numerous  hematoxylin- 
staining  droplets  of  irregular  size  and  shape  contained  in  the  cystic  spaces. 
A  high  magnification  of  these  formations  is  seen  in  Fig.  5.  Other  manifesta¬ 
tions  of  marked  degenerative  change  involving  the  ameloblastic  layer  also 
were  seen.  A  transformation  of  this  zone  into  an  edematous-like  structure  is 
demonstrated  in  Fig.  6.  Numerous  fragmented  cells  and  pyknotic  nuclei  are 
found  throughout  the  area,  as  well  as  a  large  vacuolated  globule.  Fig.  7  shows 
a  similar  change  consisting  of  a  widened  ameloblastic  zone  occupied  by  de¬ 
generated  cells,  fine  fibrils,  edematous  material,  and  a  number  of  coalesced, 
calcific-like  globules.  Of  additional  interest  in  another  section  (Fig.  8)  is  the 
appearance  of  a  cuticle-like  band  which  has  been  separated  from  the  surface 
of  the  organic  enamel  matrix.  It  is  conjectural  whether  this  represents  a 
true  cuticle  formed  at  the  termination  of  amelogenesis. 

The  apparent  result  of  injury  to  ameloblasts  is  represented  in  Fig.  1).  Un¬ 
derlying  the  zone  of  degenerated  cells  is  an  abnormally  formed  organic  enamel 
matrix  characterized  by  its  pale-staining  properties,  irregularly  arranged 
prisms,  and  dark-staining,  fiberlike  formations.  The  enamel  subjacent  to 
intact  ameloblasts  is  of  normal  appearance.  (Consideration  may  be  given  to  the 
possibility  that  the  unusual  appearance  of  the  enamel  matrix  is  due  to  faulty 
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impreKuatioii  by  the  staining  solutions.  However,  the  exact  anatomic,  rela¬ 
tionship  of  these  areas  to  injured  amelol)lasts  makes  this  assumption  unlikely. 

Jn  addition  to  abnormalities  of  amelogenesis,  most  of  the  alloxan-injected 
rats  demonstrated  vacuolization  of  odontoblasts  and  pulpal  hyperemia  and 
hemorrhage.  Whereas  the  changes  in  the  enamel  organ  were  confined  to  the 
incisor  teeth,  the  pulpal  lesions  were  found  also  in  the  molars.  Fig.  10  shows 

Fig.  7:  Fig.  8. 


Fig.  9.  Fig.  10. 

Fig.  7. — Mandibular  incisor  of  Kat  27  showing  advanced  <legenerative  change  In  the 
ameloblastic  zone  and  large  numbers  of  coalesced  globules.  (X200. ) 

Fig.  8. — Another  region  of  the  incisor  of  Rat  27  demonstrating  degeneration  of  the  amelo- 
blasts  an<l  edematous  change.  A  prominent  cuticle-like  band  is  partially  separated  from  the 
surface  of  the  organic  enamel  matrix.  (X400.) 

Fig.  9. — Mandibular  incisor  of  Kat  13  showing  marked  degree  of  ameloblastic  degenera¬ 
tion  with  vacuolization.  The  subjacent  enamel  matrix  is  characterized  by  its  Irregularly 
arrange<l  prisms  and  dark-staining,  flberlike  formations.  (X200. ) 

Fig.  10. — Mandibular  first  molar  of  Rat  15  showing  vacuolization  of  odontoblasts  and 
marked  pulpal  hyperemia  and  hemorrhage.  (XIOO.) 
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odontoblastic  degeneration  characterized  chiefly  by  vacindization,  pyknosis, 
and  karyolysis  of  the  nuclei.  Also  evident  are  zones  of  heinon-hage  through¬ 
out  the  pulp.  The  incisor  teeth  likewise  show  marked  vascular  changes 
(Fig.  11).  Although  the  odontoblasts  are  of  relatively  normal  appearance,  a 
prominent  incremental  line  in  the  dentin  suggests  a  previous  period  of  ab¬ 
normal  dentinogenesis.  An  additional  common  finding  in  the  dentin  was  a 
wide,  eosin-staining,  predentin  zone  sharply  demarcated  in  .scallop  fashion  from 
a  pale-staining,  granular,  primary  dentin. 

With  the  exception  of  occasional  hyperemic  and  hemorrhagic  changes  in 
the  periodontium,  no  consistent  periodontal  abnormalities  were  noted.  This 
is  somewhat  in  agreement  with  the  negative  findings  reported  by  Glickman  in 
a  series  of  alloxan  diabetic  rats.^® 

Examination  of  the  offspring  of  alloxan-injected  rats  showed  a  signifi¬ 
cantly  large  number  with  abnormalities  of  enamel  formation.  These  were  seen 
predominantly  in  the  incisor  teeth,  although  similar  changes  were  noted  fre¬ 
quently  in  those  molar  teeth  still  undergoing  amelogenesis. 

The  normal  appearance  of  developing  enamel  and  dentin  is  seen  in  Fig. 
12.  The  tall  columnar  ameloblasts  are  regularly  arranged  and  overlie  the 
darkly  stained,  uniform  organic  enamel  matrix.  Dentin,  odontoblasts,  and 
pulp  also  show  a  typically  normal  appearance.  In  contrast  to  this  picture. 
Figs.  13  and  14  show  abnormal,  enamel-like  deposits  over  the  organic  enamel 
matrix.  In  the  first  of  these  figures,  a  mass  of  such  material  is  seen  to  occupy 
an  area  of  degenerated  ameloblasts  and  extend  inferiorly  across  the  inter¬ 
rupted  basement  membrane.  The  second  figure  shows  two  large,  irregular, 
enamel-like  droplets  overlying  the  enamel  surface.  No  ameloblasts  are  seen  in 
this  region.  Occasionally,  an  extravasation  of  red  blood  cells  could  be  seen  in 
the  ameloblastic  zone  (Fig.  15).  A  similar  finding  was  also  evident  in  the 
dentin  in  several  cases  (Fig.  16).  Seen  in  the  latter  photomicrograph  are 
many  erythrocytes  which  have  been  incorporated  in  the  developing  predentin. 
The  resulting  lacunae-like  structure  is  clearly  evident.  Ameloblasts,  enamel 
matrix,  and  pulp  are  of  normal  appearance. 

DISCUS.SION 

In  the  course  of  the  present  study,  observations  were  made  on  the  in¬ 
fluence  of  alloxan  on  pregnancy.  Unlike  previous  publications,  and  for 
reasons  already  stated,  it  was  deemed  advisable  to  consider  all  findings  from 
the  standpoint  of  alloxan  effect  per  se,  rather  than  a  diabetic  etiology.  Al¬ 
though  our  limited  period  of  animal  observation  too  often  precluded  a  con¬ 
firmatory  diagnosis  of  diabetes  and,  therefore,  made  difficult  any  comparison 
with  previous  reports,  certain  observations  seem  worthy  of  mention. 

Of  the  thirty-nine  rats  that  received  alloxan  at  varying  periods  after 
identification  of  spermatozoa  in  vaginal  smears,  eight  failed  to  demonstrate 
unequivocal  evidence  of  pregnancy.  Four  were  from  the  group  of  seven  an¬ 
imals  given  the  drug  within  one  week  of  mating,  three  were  from  the  group 
of  sixteen  injected  during  the  second  week  after  mating,  and  one  was  from 
the  group  of  sixteen  injected  during  the  third  week  after  mating.  Several 
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circumstances  could  account  for  these  findings.  There  may  have  been  a  fail¬ 
ure  of  impregnation  due  to  the  element  of  chance,  a  failure  possibly  due  to 
alloxan,  or  an  actual  interruption  of  an  established  pregnancy.  Certainly,  on 
the  basis  of  probability  alone,  the  first  factor  must  be  given  primary  considera¬ 
tion.  Nevertheless,  the  distribution  of  “unsuccessful  pregnancies”  in  rela¬ 
tion  to  time  of  drug  administration  after  mating  warrants  some  attention. 
Seemingly,  it  is  possible  that  early  injection  could  interfere  with  conception  or 
cause  fetal  resorption.  However,  autopsy  examination  of  six  of  the  rats  that 
died  prior  to  the  normally  expected  time  of  delivery,  or  shortly  thereafter, 
disclosed  no  positive  evidence  of  pregnancy.  Since  the  individual  doses  of 
alloxan  were  less  than  those  received  by  a  number  of  other  rats  that  gave  posi¬ 
tive  evidence  of  pregnancy,  and  since  only  three  of  the  “negative”  rats  re¬ 
ceived  multiple  doses  compared  with  nine  similarly  treated  animals  that  were 
l)regnant,  one  would  be  inclined  to  discount  these  factors  as  responsible  for 
the  unsuccessful  pregnancies.  Although  it  has  been  shown  that  alloxan  can 
lengthen  the  estrus  cycle  and  lessen  fertility^®’ the  time  required  for  such  an 
occurrence  far  exceeds  that  existent  in  our  experimental  animals.  In  only 
two  cases  (Rats  27  and  38)  was  there  satisfactory  evidence  of  fetal  resorption. 

"With  relation  to  animals  delivering  spontaneously  at  term,  there  was  an 
increasing  gradient  of  success  the  later  during  pregnancy  that  alloxan  was 
given.  Thus,  rats  injected  with  the  drug  during  the  first,  second,  and  third 
trimesters  following  breeding  had,  respectively,  a  28,  56,  and  75  per  cent  in¬ 
cidence  of  completed  deliveries.  The  relative  proportion  of  stillborn  to  viable 
young  also  showed  an  interesting  trend.  In  the  first  group  there  were  six 
dead  and  thirteen  living,  in  the  second  group  four  dead  and  forty-nine 
living,  and  in  the  third  group  three  dead  and  112  living.  This  would  indicate 
that  alloxan  not  only  influences  the  termination  of  pregnancy  and  the  status 
of  the  delivered  yimng,  but  that  its  more  serious  effects  are  during  the  earlier 
stages  of  pregnancy. 

Whether  the  low  incidence  of  stillbirths  and  fetal  resorptions  in  this  study 
can  be  attributed  to  insulin  control  is  conjectural.  Tundan  and  Horgans.’’  ob¬ 
serving  a  series  of  twenty  rats  bred  after  the  establishment  of  alloxan  diabetes 
and  not  receiving  insulin,  reported  a  total  of  twenty-seven  pregnancies  in 
fourteen  animals.  Three  of  these  terminated  in  questionable  fetal  resorp¬ 
tions,  and  the  others  in  a  high  fetal  and  neonatal  mortality.  (Comparing  these 
findings  with  a  similar  group  of  rats  given  insulin,  these  authors,  with  Ferret, 


Fig.  11. — Pulpal  iiypereniia  anti  hemorrliage  in  the  inuntiibuiar  incisor  of  Rat  27.  A 
prominent  incremental  line  is  seen  in  the  dentin.  Odontoblasts  are  not  unusual.  (XIOO.) 

Fig.  12. — Mandibular  incisor  of  7  tlay  young  of  control  rat  showing  normal  appearance  of 
ameloblasts,  organic  enamel  matrix,  dentin,  anti  pulp.  (X120.) 

Fig.  13. — Mantlibular  molar  of  1  day  young  of  Rat  15.  .\n  Irregular,  enamel-Ilke 

formation  of  material  in  the  ameloblastic  layer  is  seen  to  project  onto  the  surface  of  the 
organic  enamel  matrix.  Ameloblasts  to  either  sltle  of  the  mass  show  evidence  of  degenera¬ 
tive  change.  (X220. ) 

Fig.  14. — Mandibular  molar  of  7  day  young  of  Rat  13  showing  two  enamel-like  droplets 
in  a  zone  of  degeneratetl  ameloblasts  overlying  the  organic  enamel  matrix.  (X220. ) 

Fig.  15. — Mandibular  incisor  of  7  day  young  of  Rat  36.  Large  numbers  of  erythrocytes 
are  seen  in  the  zone  of  degenerated  ameloblasts.  (X400.) 

Fig.  16. — Mandibular  molar  of  7  day  young  of  Rat  28.  Many  erythrocytes  are  In¬ 
corporated  in  the  predentin,  imparting  a  lacunae-like  appearance  to  this  structure.  Amelo¬ 
blasts,  organic  enamel  matrix,  and  odontoblasts  are  not  unusual.  (xtOO.) 
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iiotetl  a  consuleiably  lowered  incidence  of  stillbirth  and  neonatal  death  rates.'* 
Miller'®  likewise  found  that  diabetic  rats  maintained  on  insulin  delivered 
normal-appearing,  viable  young.  In  contrast  to  these  findings,  Levi  and  Wein¬ 
berg'®  showed  that  a  group  of  diabetic  rats  not  receiving  insulin  had  a  high 
proportion  of  successful  pregnancies  with  delivery  of  normal  litters.  It  should 
be  noted  that  the  reports  just  cited  were  of  animals  rendered  pregnant  after 
alloxan  administration.  However,  results  similar  to  those  of  Miller'®  and 
Lindan  and  Morgans'®  were  found  by  Davis,  Fugo,  and  Lawrence  in  rats  given 
alloxan  after  conception."  Administering  the  drug  in  the  earliest  days  of 
pregnancy,  and  excliuUng  the  use  of  insulin,  they  noted  a  general  failure  of 
animals  to  deliver.  Autopsy  examinations  showed  this  to  be  due  to  fetal 
death  and  resorption  occurring  at  about  the  twelfth  day  of  gestation.  The 
placentas,  however,  continued  to  grow  and  maintained  their  attachment  to  the 
uterine  wall  until  parturition.  Davis  and  his  co-workers  further  demonstrated 
that  when  rats  were  maintained  on  insulin  a  successful  course  of  pregnancy 
resulted.  It  is  i)erhaps  unfortunate  that  these  latter  observations  were  made 
on  animals  that  received  alloxan  prior  to  breeding,  thus  making  it  difficult 
to  compare  adequately  the  two  experimental  groups. 

An  additional  interesting  observation  made  in  the  present  .study  was  the 
marked  hypoglycemia  occurring  in  six  of  the  animals  immediately  before  or 
after  delivery.  Almost  identical  findings  in  two  diabetic  rats  were  reported 
by  Levi  and  Weinberg.'®  In  one  of  their  animals,  hypoglycemia  occurred  on 
the  fifteenth  day  of  gestation.  In  the  other,  it  occurred  on  the  sixth  day  after 
delivery.  These  authors  stated  that  they  were  unable  to  account  for  this 
‘‘])henomena.”  It  is  not  believed  that  the  low  .sugar  levels  in  our  rats  could 
be  attributed  alone  to  the  small  amounts  of  insulin  that  were  given.  Although 
no  ready  exi)lanation  may  he  oflFered,  it  is  of  interest  to  note  that  some  diabetic 
women  seem  to  improve  when  they  become  pregnant  and  that  the  presence  of 
a  living  fetus  is  thought  to  have  a  beneficial  influence  in  some  cases.'®  Because 
this  imi)rovement  Is  not  believed  to  occur  until  after  the  fetal  pancreas  has  de¬ 
veloped,  it  has  been  suggested  that  insulin  crosses  the  placenta  from  fetus  to 
mother.'®  Conversely,  it  has  been  proposed  that  the  imi)roved  status  of  the 
mother  may  be  due  to  added  utilization  of  sugar  by  the  fetus.®®  It  is  possible 
that  similar  events  could  account  for  the  low  blood  sugar  levels  in  our  six 
experimental  animals. 

With  legard  to  our  finding  of  “normal”  weights  and  blood  sugai-s  for 
the  young  of  alloxan-injected  mothers,  there  is  general  agreement  with  pre¬ 
vious  reports.'®' '®'  ®' 

As  indicated  in  the  introductory  remarks  of  this  report,  the  over-all  i)lan 
of  study  was  designed  i)rincipally  to  further  our  understanding  of  prenatal 
influences  on  tooth  develoi)ment.  That  metabolic  disturbances  may  affect 
the  develo])ing  dental  structures  in  human  beings  and  experimental  animals 
is  generally  accepted.  However,  that  such  disorders  in  the  gestational  or¬ 
ganism  can  also  affect  the  oral  .structures  of  the  young  in  utero  is  a  moot  ques¬ 
tion.  Demonstrated  in  the  jiresent  study  is  the  high  percentage  of  develop¬ 
mental  dental  abnormalities,  especially  of  amelogenesis,  in  pregnant  rats  in- 
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jected  with  alloxan,  and  in  their  offspring.  To  our  knowledge,  these  are  find¬ 
ings  that  have  not  been  reported  previously.  Whether  the  mechanism  of  in¬ 
jury  to  the  formative  dental  structures  of  the  injected  animals  is  a  disturbed 
hormone  function  of  the  pancreas,  alloxan  toxicity  per  se,  or  factors  unknown 
is  conjectural.  Neither  can  any  conclusive  statement  be  made  relative  to  the 
etiology  of  the  dental  defects  in  the  offspring.  Despite  the  evidence  offered  by 
previous  investigators  that  appreciable  amounts  of  alloxan  may  cross  the 
placenta  from  mother  to  fetus,  and  that  a  fetal  hyperglycemia  paralleling 
that  of  the  mother  is  present  up  to  the  time  of  parturition,*^  there  is  no  his¬ 
tologic  indication  in  the  present  study  of  pancreatic  damage  in  the  young. 
This  would  suggest  the  etiologic  significance  of  either  drug  toxicity  alone  that 
somehow  spares  the  fetal  pancreas,  or  some  alteration  in  metabolic  function 
of  mother  or  fetus.  On  the  basis  of  the  presented  evidence  it  w'ould  seem  that 
the  most  probable  factor  is  maternal  influence.  To  the  end  of  clarifying  this 
is.sue,  attempts  were  made  to  ])ancreatectomize  surgically  a  group  of  rats. 
Such  a  procedure,  resulting  in  hyperglycemia,  has  been  carried  out  success¬ 
fully.**  However,  to  date  our  efforts  to  duplicate  these  results  have  met  wdth 
failure. 

It  is  of  interest  to  note  that  the  changes  observ’cd  in  the  enamel-forming 
organ  are  strikingly  similar  to  those  previou.sly  descril)ed  in  Iwth  human  beings 
and  experimental  animals.**  *®  This  provides  additional  confirmation  of  the 
contention  that  the  lesions  are  nonspecific  in  nature  and,  dependent  upon  the 
severity  of  systemic  disturbance  and  degree  of  tissue  resjwnse,  can  l)e  causcMl 
by  a  wdde  variety  of  diseases. 

SUMMARY  AND  CONCLUSIONS 

The  course  of  pregnancy  was  observed  in  thirty-nine  albino  rats  that  re¬ 
ceived  alloxan  at  varying  periods  after  mating.  The  average  dosage,  admin¬ 
istered  intraperitoneally,  w'as  155  mg.  per  kilogram  of  body  weight.  Dloo<l 
and  urine  sugar  determinations  were  made  throughout  the  coui-se  of  the  ex¬ 
periment,  and  protamine  zinc  insulin  was  given  in  such  frequency  and  dosage 
as  was  deemed  necessary  by  the  degree  of  hyperglycemia  and  glycosuria. 
O^^ung  to  the  relatively  short  period  of  gestation  in  rats  and  the  brief  inter¬ 
val  between  alloxan  injection  and  expected  date  of  delivery,  there  was  usually 
insufficient  time  to  diagnose  a  state  of  persistent,  permanent  diabetes.  Fur¬ 
thermore,  it  w'as  not  possible  to  hypothecate  the  ultimate  coui'se  of  the  many 
hyperglycemic  rats  that  died,  either  during  ))regnancy  or  shortly  thereafter. 
Consequently,  our  evaluation  of  findings  was  on  the  basis  of  alloxan  effect 
per  se,  rather  than  an  established  diabetes. 

In  the  event  of  a  successful  course  of  pregnancy,  the  young  were  sacrificed 
at  specified  periods  (1,  7,  21,  40,  and  60  days  of  age)  and  their  weights  and 
blood  sugar  levels  determined.  Sections  of  pancreas  and  jaws  from  each  an¬ 
imal  were  then  i)repared  for  histologic  study.  Like  pioce<Iui-es  were  carried 
out  on  all  alloxan-injected  rats  at  the  time  of  their  sacrifice  or  death,  and  on 
the  contained  fetuses  of  mothers  dying  before  term. 
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Thirty-one  rats  showed  positive  evidence  of  pregnancy.  Of  this  group, 
twenty-two  delivered  spontaneously  at  term,  one  was  delivered  by  cesarean 
section,  two  showed  probable  fetal  resorption,  one  gave  evidence  of  either 
resorption  or  abortion,  and  five  died  before  delivery.  The  relation  of  spon¬ 
taneous  delivery  to  time  of  alloxan  injection  showed  a  i)rogressive  incidence 
of  success  the  later  during  pregnancy  that  the  drug  was  given. 

All  but  one  of  the  nonpregnant  animals  received  the  alloxan  prior  to  the 
twelfth  day  after  mating.  Although  a  chance  failure  of  impregnation  is  the 
most  probable  explanation  of  these  “negative”  cases,  the  possibility  is  consid¬ 
ered  that  early  drug  administration  may  interfere  with  conception  or  the  pro¬ 
gression  of  pregnancy. 

Also  showing  a  correlation  with  time  of  alloxan  injection  w^as  the  per¬ 
centage  of  delivered  living  and  dead  young.  In  the  groups  receiving  the  drug 
during  the  first,  second,  and  third  weeks  after  mating  there  were,  respectively, 
a  total  of  six  dead  and  thirteen  living,  four  dead  and  forty-nine  living,  and 
three  dead  and  112  living. 

From  the  findings  presented  in  this  report,  it  would  appear  that  alloxan 
not  only  influences  the  course  of  pregnancy  and  the  status  of  the  young,  but 
that  the  earlier  in  pregnancy  it  is  given,  the  more  serious  are  its  effects. 

In  no  instances  were  abnormalities  of  excessive  weight  or  elevated  blood 
sugars  noted  in  the  young  of  alloxan-injected  rats. 

With  reference  to  the  dental  findings,  almost  all  of  the  animals  receiving 
alloxan  showed  abnormalities  of  amelogenesis.  Additional  common  findings 
were  odontoblastic  vacuolization  and  pulpal  hyperemia  and  hemorrhage.  The 
nature  and  degree  of  these  changes  had  no  correlation  with  the  time  of  drug 
administration  or  with  the  severity  of  the  resulting  hyperglycemia.  Like  ab¬ 
normalities  were  noted  in  the  offspring  of  injected  rats. 

In  light  of  the  similarity  of  the  described  dental  disturbances  to  lesions 
previously  observed  and  attributed  to  other  causes,  it  is  believed  that  ad¬ 
ditional  confirmation  can  be  given  to  the  contention  that  they  are  non.specific 
in  nature  and  may  be  caused  by  a  wide  variety  of  factors. 

Whether  the  developmental  dental  disturbances  in  the  alloxan-injected 
mothers  could  be  attributed  to  dysfunction  of  the  pancreas  or  to  drug  toxicity 
alone  is  a  moot  question.  Similarly,  no  specific  factor  could  be  definitely  im¬ 
plicated  in  the  case  of  the  offspring.  Since  the  young  showed  no  histologic 
evidence  of  damage  to  the  pancreas,  or  clinical  and  laboratory  indication  of  its 
dysfunction,  it  is  probable  that  the  etiology  may  be  of  a  congenital  nature  or 
an  actual  drug  toxicity.  For  reasons  previously  stated,  somewhat  more  con¬ 
sideration  may  be  given  the  foi  mer  hypothesis. 
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EFFECT  OF  GONADECTOMY  AND  SEX  HORMONES  ON  THE 
STRUCTURE  OF  THE  RAT  SAIJVARY  (JLANDS 

WILLIAM  G.  SHAFER.  D.D.S.,  M.S.,  AND  .JOSEPH  C.  MUHJ.ER,  D.D.S.,  Pu.D. 
Indiana  University  School  of  Dentistry,  Indianapolis  and  Bloomington,  Ind. 

Recently,  a  number  of  independent  investigators  liave  demonstrated  an 
apparent  relationship  between  the  endocrine  system  and  the  salivary  glands 
in  the  experimental  animal.  Because  of  the  pronounced  effect  of  salivary  gland 
function  on  dental  caries,  it  is  surprising  that  this  relationship  has  not  received 
more  attention. 

Many  of  the  previously  published  papei-s  have  dealt  with  the  relationship 
between  the  sex  organs  and  the  salivary  glands.  In  1940,  Lacas.sagne'  pointed 
out  a  difference  between  the  histologic  structure  of  the  male  and  female  mou.se 
.submaxillary  glands.  It  was  indicated  that  the  female  submaxillary  gland 
as.sumes  the  api>earance  of  the  male  submaxillary  gland  when  the  animal  receives 
testosterone  and  that,  further,  the  male  submaxillary  gland  resembles  the  female 
gland  in  structure  when  the  male  animal  is  treate<l  with  folliculin.  Laca,s.sagre 
sugge.sted  that  these  variations  observed  in  the  structure  of  the  glands  might 
correspond  to  diflfei'ences  in  the  cpiality  of  saliva  excreted  by  the  two  sexes. 
The  same  author^  has  shown  a  difference  in  the  histologic  structure  of  the  sub¬ 
maxillary  gland  of  pregnant  and  virgin  mice,  and  has  suggested  that  these 
glands  may  l)e  used  to  test  the  activity  of  various  hormones,  either  estrogens 
or  androgems.  Lacas.sagne*  later  reported  that  the  submaxillary  gland  of  the 
rat  showeil  the  same  reactions  as  the  mouse  to  the  various  sex  hormones. 
Laca.ssagne  and  Chamorro^  have  ivported  atrophy  of  the  submaxillary  gland 
tubules  after  hyi>ophysectomy  and  that  repair  of  these  tubules  accompanied 
administration  of  androgenic  hormone.  Buillard  and  Delsuc’’  reported  that  in 
the  jiarotid  and  retrolingual  glands  of  the  rat  there  are  differences  in  the  size 
of  the  cells  and  the  diameter  of  the  acini  after  gonadectomy  and  injection  of 
testosterone,  which  were  coincident  with  those  observed  by  Lacassagne  in  the 
submaxillary  gland. 

Working  from  a  different  approach,  Katagiri  and  Higashijo*  reported 
that  when  the  parotid  glands  arc  ligated  and  the  submaxillary  glands  removed 
in  rats  there  results,  aiiuuig  other  things,  a  hypertrophy  of  the  uterus  and 
adrenal  cortex,  and  an  atrophy  of  the  testes.  Further  work  by  Ginn  and  Volker* 
indicates  a  pronounced  rusting  of  the  fur  of  female  rats,  but  of  males  to  a  much 
lesser  extent,  upon  removal  of  the  salivary  glands. 

That  the  salivary  glands  them.selves  may  have  an  endocrine  function  has 
been  suggested  by  some  workers  (Ogata*  and  Hukusima,"  among  others),  but 
satisfactory  j)roof  is  lacking.  As  yet  unexplained  is  the  diminution  of  weight 

ThU  investisiiUon  was  auppurted  in  part  by  the  Medical  Research  and  Development 
lioard,  Ofllcfe  of  the  Surgeon  General.  Department  of  the  Army,  under  Contract  No.  DA-49- 
007-MD-332. 

Receiveil  for  publication,  Aug.  Ih,  1952. 


262 


V.j..me32  OON ADKOTOMY,  SKX  HORMONKS,  AND  SAl.lVARY  GLANDS  ‘>(53 

Niimher  2 

jrain  ol)servo<l  in  dosalivatcd  animals  as  reported  I)y  (JiUla  and  Keyes’”  and 
Shaw  and  Weisla'rjfer.”  As  has  been  |>ointed  out,  this  laek  of  growth  as  eom- 
|)ared  to  eontrols  may  Ih>  due  i>artially  or  completely  to  a  decreased  intake  of 
IVkhI,  or  it  may  Ih'  a  result  of  the  surgical  operation  per  se.  On  the  other  hand, 
the  possibility  of  a  loss  of  some  unknown  factor  present  in  salivary  Rlarid  tissue 
cannot  l>e  completely  dismisst'd.  This  findinjr,  coupled  with  the  demonstrations 
of  the  relationship  of  salivary  glands  to  the  uterus,  testis,  and  sex  hormones, 
hypophysis,  ]>ancreas,  thyroid,  parathyroid,  and  the  adrenal  gland,  as  well  as 
the  relationship  of  the  sex  hormones  to  dental  caries,  indicates  that  the  salivarj' 
glands  may  pos.sess  an  endocrine  function,  and  that  further  work  on  this  sub¬ 
ject  is  warranted. 

KXnERIMEXTAL  MCTHOO 

As  a  related  part  of  an  experiment  dealing  with  the  effects  of  gonadectomy 
and  the  injection  of  testosterone  and  diethylstilljestrol  on  the  incidence  of  dental 
caries  in  albino  rats,’®  the  effects  of  these  procedures  on  the  histologic  structure 
of  the  salivary  glands  have  been  studied. 

A  total  of  134  albino  rats*  (of  which  59  males  and  58  females  completed 
the  experiment)  were  divided  as  equally  as  passible  by  sex,  weight,  and  litter- 
mate  distribution  into  eight  groups.  The  male  groups  consisted  of:  (1)  a  con¬ 
trol,  (2)  a  control  receiving  testosteronef,  (3)  a  gonadectomized,  and  (4)  a 
gonadeetomized  series  receiving  testosterone.  The  female  groups  were  identical 
except  that  the  animals  received  diethylstilbestrolf  instead  of  testosterone. 

The  males  were  given  the  testosterone  by  implanting,  subcutaneoasly,  a 
pellet  weighing  approximately  37  mg.  between  the  scapulae.  After  a  period  of 
forty-five  days,  another  pellet  weighing  75  mg.  was  similarly  implanted.  At 
the  termination  of  the  experiment,  any  portion  of  a  pellet  mnaining  was  re¬ 
moved  and  weighed  so  that  total  dosage  could  be  calculated,  although  at  the 
end  of  the  experimental  period,  the  entire  pellet  was  resorbed  in  nearly  all 
animals.  The  females  were  injected  suljcutaneously  with  diethylstitl)estrol  in 
oil  at  a  concentration  of  10  mg.  each  week. 

The  exi>eriment  was  begun  when  the  animals  were  30  days  of  age,  and  the 
experimental  period  lasted  for  an  additional  117  days.  The  diet  used  was  a 
caries-producing  diet,  the  comi>osition  of  which  has  been  i)reviously  reported.’® 
Both  the  food  and  distilled  water  were  available  ad  libitum. 

At  the  termination  of  the  exi)eriment,  the  salivary  glands  were  removed 
en  masse,  fixed  in  Zenker-fonnalin  solution  overnight,  dcliydratcil,  and  embeddeil 
in  paraffin.  Sections  of  the  glands  of  each  animal  were  cut  at  7  micra  ami 
stained  with  hematoxylin  and  eosin,  phosphotungstic  acid-hematoxylin,  and  a 
modified  Mallory’s  connective  tissue  stain  to  increase'  the  contrast  of  the  granules. 

The  diameter  of  the  granule-bearing  secretory  tubules  of  the  submaxillary 
glands  was  measured  by  a  micrometer  eyepiece  using  the  Mallory-stained  sec¬ 
tions.  The  number  of  the  tubules  in  a  given  area  was  counted,  utilizing  the 

•Carl  Wlluon  strain. 

tThe  authort<  wish  to  thank  S<'horinK  Corporation,  ItlooniAeld,  N.  J.,  and  Mattitx  and 
Moore.  Indianapolia,  Ind.,  for  Keneruualy  xuppiyinK  tlie  hormones  used  in  thit>  study. 
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wide-angle  eyepieee  of  the  mieroseope  with  a  series  of  eross-hairs  which  divided 
the  field  into  a  nnmlier  of  squares. 


Rh>!I’LTS 

The  results  of  this  study  corroborate  similar  findings  previously  reported 
and,  in  addition,  show  another  important  finding,  a  pos.sibte  relationship  between 
the  structure  of  the  salivary  glands  and  dental  caries  experience  in  these 
animals. 

The  most  marked  histologic  changes  in  these  animals  occurred  in  the  sub¬ 
maxillary  gland.  No  consistent  changes  in  the  sublingual  or  parotid  glands 
were  found  which  were  of  a  magnitude  to  be  discernible  and  readily  measured. 
The  changes  in  the  submaxillary  glands  involve<l  chiefly  the  granular  tubules 
which  were  particularly  described  by  Bensley*^  and  further  elucidated  by 
Iwasaki.*®  Table  I  indicates  both  the  average  number  of  granule-bearing  tubules 
per  unit  area,  and  the  average  diameter  of  these  tubules. 


T.vble  I 

The  Eekect  ok  Or«  hiectomy  .\nd  Ov.vriectomy  and  Adminkstr.vtion  ok  Te,stosterone  and 

DIETHYLSTILBESTROL  ox  THE  SIZE  AND  NUMBER  OK  GRANULE- BE.VK1N<}  TuBULES  IN  THE 
SUBMAXIU,ARY  GLAND  OK  THE  RaT 


AVER.VGE 
NO.  OK 

TUBULES 
PER  UNIT 
AREA* 

STANDARD 

DEVIATION 

AVERAC.E 

DIAMETER 
OK  TUBULES 
(micra) 

STANDARD 

DEVIATION 

('«ntrol  luale.s 

17 

4.3 

45 

2.9 

Control  luule.s  -r  tostoateroiie 

21 

3.3 

49 

2.5 

Gonadectoniized  malex 

5 

3.0 

37 

2.5 

(rona<ltH-tomiz«d  malea  +  testosterone 

23 

3.5 

51 

1.7 

Control  females 

It) 

3.8 

45 

1.6 

Control  females  -f  diethvlstilbestrol 

5 

4.3 

36 

1.2 

Gonadeetomizetl  females 

8 

2.3 

40 

1.7 

Gonadectomized  females  +  diethvlstilbestrol  4 

2.0 

36 

1.1 

•Area  approximately  0.255  sq.  nim. 


Due  to  the  uneven  distribution  of  secretory  tubules  throughout  the  gland, 
the  significance  of  the  actual  number  of  these  tubules  per  unit  area  is  probably 
minimal,  except  in  these  ca.ses  of  obvious  wide  difference,  w'hich  results  from 
the  difficulty  in  attempting  to  count  true  random  samples.  The  same  criticism 
may  apply  to  measurements  of  the  tubules  since  the  diameter  of  the  tubules  iai 
one  animal  appeared  to  var\'  more  widely  than  the  mean  size  of  these  tubules 
from  animal  to  animal.  However,  the  measurement  of  the  tubule  diameter  is 
juobably  a  reliable  test  for  differences  Ix'tween  groups,  because  these  differ¬ 
ences  are  much  more  striking  histologically  than  the  figures  in  Table  I  might 
indicate.  This  marked  difference  is  indicated  in  Figs.  I  and  2.  Statistical 
analysis  revealed  a  significant  difference  in  both  the  number  and  the  size  of  the 
granular  secretory  tubules  Ixrtw'een  (1)  control  and  gonadectomized  animals  of 
corresponding  sexes,  (2)  control  and  hormonized  animals,  and  (3)  gonad¬ 
ectomized  and  gonadectomized-hormonized  animals.  (*ross  comparisons  be¬ 
tween  sexes  were  not  made. 
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Fit;.  1. — a.  Control  male:  b,  control  male  *  teatosterone ;  c,  gonadectomlaetl  male; 
d.  Konadectoniized  ntale  ■*-  teatoaterone.  ( All  pliotomicrographa  reproduced  at  same  mac- 
nlflcation,  reduced  one-flftli.  Stain:  motlifled  Mallory’s  oranae  <!  -  aniline  blue  -  acid 
fuchsin.) 


r^'f>  '-i«--  • 

•;5.t2»V^'X 


Fijf.  2. — n.  Control  female ;  b,  control  female  +  diethylstilbeatrol  ;  c,  gonaclectomized 
female ;  d,  Konadectomlzed  female  +  diethylstilbestrol.  ( All  photomicrographs  reproduced  at 
same  magnification,  reduced  one-flfth.  Stain :  modified  Mallory’s  orange  (I  -  aniline  blue  - 
acid  fuchsin. ) 
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Tlie  se<‘retory  tubules  <»f  male  animals  receiving  testosterone,  regardless  of 
whether  or  not  they  were  "onadectomized,  are  choked  with  grannies  and 
markedly  increased  in  both  size  and  number.  In  the  hormonized  animals,  the 
granules  fill  the  cells  comimsing  these  i)articnlar  tubules  and  cause  considerable 
swelling  of  these  cells.  In  contrast  to  this,  the  gonadectomized  males  show 
secretory  tubules  of  a  much  smaller  size,  containing  fewer  granules  and  having 
a  sparse  distribution.  The  cells  composing  these  tubules,  which  in  most  in¬ 
stances  are  actually  nearly  devoid  of  granules,  show  a  clear  reticular  cytoplasm, 
and  there  is  usually  considerable  fragmentation  of  the  tubules.  Because  of 
the  relative  absence  of  granules,  the  tubules  are  difficult  to  distinguish  from 
small  intralobular  ducts,  although  apparently  these  granule-bearing  tubules  are 
only  terminal  intralobular  ducts  themselves.  The  granular  tubules  of  the  con¬ 
trol  animals  appear  to  lie  between  the  gonadectomized  animals  and  the  hormon¬ 
ized  animals  with  regard  to  the  size  and  number. 

No  significant  difference  exists  between  the  size  or  number  of  tubules  in 
the  male  and  female  control  animals.  There  also  is  very  little  difference  in 
size  and  number  of  tubules  between  gonadectomized  male  and  female  animals. 
With  regard  to  the  hormonized  animals,  however,  the  results  are  extremely 
interesting.  Whereas  testosterone  apparently  causes  a  marked  increase  in  the 
size  and  number  of  the  tubules  and  marked  accumulation  of  granules,  diethyl- 
stilbestrol  has  no  such  effect.  Instead,  there  is  a  decrease  in  the  size  of  the 
tubules  with  a  conspicuous  decrease  in  the  number,  Diethylstilbestrol  in  the 
concentration  used  appears  to  simulate  and  potentiate  the  effect  of  castration 
on  these  tubules. 

If  it  is  as.sumed  that  the  larger  tubules  which  are  choked  with  granules  are 
in  a  state  of  rest  and  the  smaller  tubules  containing  a  few  or  no  granules  are 
in  a  state  of  activity  (or  exhaustion),  some  preliminary  conclusions  can  be 
made.  It  is  found  that  the  orchiectomized  males  with  a  decrea.sed  caries  inci¬ 
dence  showed  tubules  in  a  greater  state  of  functional  activity.  On  the  other 
hand,  the  control  group  of  males  receiving  testosterone  had  a  much  higher  caries 
score  than  the  orchiectomized  animals,  and  coincidentally  showed  their  sub- 
maxillary  gland  tubules  to  be  in  a  state  of  relative  rest. 

The  females  show  no  such  consistent  trend  of  correlation  between  size  of 
tubules  and  caries,  except  in  the  control  females  injected  with  hormones.  This 
latter  group  had  a  slightly  lower  caries  score  than  the  control  females,  but  the 
difference  was  of  no  statistical  significance;  these  females  also  exhibited  an 
apparently  greater  state  of  activity  of  the  secretory  tubules  as  evidenced  by 
their  small  size  and  relative  absence  of  granules.  Both  groups  of  castrated 
females,  while  having  higher  caries  scores  than  the  controls,  exhibited  smaller 
tubules  and  were  fewer  in  number. 

The  data  indicate,  then,  that  whereas  testosterone  has  the  ability  to  in¬ 
crease  the  size  and  number  of  granular  tubules  in  the  submaxillary  gland  of 
the  male  rat,  diethylstilbestrol  decreases  the  size  and  number  of  these  tubules 
in  the  female  rat.  The  same  effect  is  achieved  whether  the  hormonized  animals 
are  gonadectomized  or  not. 
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CONCLUSIONS  AND  SUMMARY 

1.  A  relationship  between  the  sex  hormones  and  the  histolofjic  structure 
of  the  salivary  glands  in  the  rat  has  Iwen  demonstrated.  The  chief  histologic 
changes  were  manifested  in  the  granular  tubules  of  the  submaxillary  gland. 

2.  Both  male  and  female  gonadectomized  animals  showed  a  decrease  in  size 
and  number  of  secretory  tubules  when  compared  to  control  animals. 

3.  Implantation  of  testosterone  in  males  increased  the  size  and  number  of 
the  granular  tubules  while  injections  of  diethylstilbestrol  in  females  caused  a 
decrease  in  the  size  and  number  of  the  tubules,  regardless  of  whether  or  not 
the  latter  animals  were  gonadectomized. 

4.  The  state  of  functional  activity  of  these  tubules,  as  measured  by  their 
size  and  the  relative  presence  or  absence  of  secretory  granules,  could  be  cor¬ 
related  with  the  caries  incidence  of  the  male  animals,  but  the  correlation  was 
not  as  pronounced  in  the  females. 

5.  The  changes  observed  in  the  submaxillary  salivary  gland  lend  credence 
to  the  idea  that  the  salivary  glands  may  possess  an  endocrine  function  and  thus 
be  linked  to  the  other  established  endocrine  organs. 

The  authors  wish  to  thank  Mr.  Verne  G.  Robinson,  Indiana  State  Board  of  Health. 
Division  of  Public  Health  Statistics,  for  his  aid  in  carrying  out  the  statistical  analyses  in 
this  study. 
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THE  GKOUXJ)  SUBSTANCE  OF  ABNORMAL  DENTIN,  SECONDARY 
DENTIN,  AND  PULP  CALCIFICATIONS 
M.  S.  BURSTONK 

Assistant  Professor  of  Pathology,  University  of  Illinois,  College  of  Dentistry,  Chicago,  III. 

The  organic  constituents  of  dentin  eo?isist  essentially  of  collagenous  fibers 
embedded  in  a  ^  matrix  or  ground  substance.  Carbohydrate-protein  com- 
j)lexes  (glycoproteins)  which  constitute  in  part  this  ground  substance  of  dentin 
have  been  demonstrated  by  EngeP  and  others.*-  *  These  glycoproteins  which  are 
also  present  in  bone  are  believed  to  assume  a  significant  role  in  both  normal 
and  abnormal  calcification.^ 

In  this  work,  carbohydrate-protein  complexes  of  experimentally  produced 
abnormal  dentin  were  studied  by  the  use  of  certain  histochemical  methods.  The 
glycoprotein  ground  substance  of  primary  and  secondary  dentin,  dentin  in  in¬ 
ternal  resorption,  pulp  stones,  dentin  in  dentinogenesis  imperfecta,  and  the 
dentin  of  hard  odontomes  was  similarly  observtHl.  Methocls  such  as  fixation  by 
freezing  and  drying  were  used  whenever  jm^-sible  in  order  to  minimize  the  al¬ 
teration  and  solution  of  substances  which  may  occur  when  tissues  are  subjected 
to  conventional  aqueous  fixatives.  The  glycoprotein  component  of  the  ground 
substance  was  .studied  by  the  use  of  the  periodic  acid-Schiff  reaction  of  Ilotch- 
ki.ss,®  ^IcManus,®  and  Lillie,*  which  in  conjunction  with  certain  enzyme  and 
solubility  procedures  is  considered  to  be  a  relatively  specific  histochemical 
method. 

In  addition  to  the  localization  of  the  aforementioned  tissue  components,  the 
findings  suggest  basic  submicroscopic  differences  between  normal  and  abnormal 
dentin — differences  which  may  be  reflected  in  the  gross  physical  characteri.stics 
of  these  hard  structures. 

.METHODS 

ExperimentaUy  Produced  Abnormal  Dentin. — Abnormal  dentin  w-as  ex¬ 
perimentally  produced  by  irradiation  of  the  developing  dentition.  Tw-elve  C57 
mice,  1  to  2  days  of  age,  w'ere  irradiated  by  subcutaneous  administration  of 
radioactive  phosphorus  P32*  (18  to  20  microcuries  per  gram  of  body  weight). 
Another  twelve  animals  were  irradiated  by  an  injection  of  a  suspension  of  radio¬ 
active  chromic  phosphate*  adjacent  to  the  mandible  (approximately  40  micro- 
curies).  Control  animals  were  untreated,  or  injected  wdth  weak  phosphate 
solutions  or  nonradioactive  chromic  phosphate.  Litter  mates  served  as  controls 
whenever  possible.  Seven  days  follow-ing  injection  the  animals  were  killed  and 
the  heads  split  in  a  mid-sagittal  plane  and  fixed  by  freezing  and  drying.®  The 
undecalcified  tissues  were  frozen  in  isopentane  chilled  by  liquid  nitrogen 
(approximately  -150°  C.)  infiltrated  in  a  vacuum  with  paraffin  (melting  point 
62°  C.),  embedded,  and  sectioned  at  6  microns.  After  drj^  mounting  on  albu¬ 
minized  slides  the  sections  were  deparaffinized  with  xylol  or  petroleum  ether. 

Aided  In  part  by  grants  from  the  U.  S.  Public  Health  Service  and  from  the  Department 
of  the  Army. 

Received  for  publication.  Aug.  13,  1952;  revised  by  the  author,  Jan.  18,  1953. 

*The  P32  and  chromic  phosphate  were  obtained  from  .\bbott  laboratories.  North  Chicago, 
111.,  on  allocation  from  the  I'.S.  Atomic  Energy  Commission. 
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Several  staining  procedures  were  utilized.  The  first,  the  periodic  acid- 
Schiff  (pa-S)  method,  was  used  to  study  glycoproteins  and  glycogen.  Some 
sections  were  first  denatured  overnight  in  absolute  ethanol.  They  were  then 
treated  according  to  the  method  described  by  Hotchkiss®  which  employs  the  use 
of  an  oxidizing  agent,  periodic  acid,  to  oxidize  certain  hydroxyl  groups  of  the 
carbohydrate  portion  of  the  glycoprotein  to  aldehyde  groups.  These  groups  in 
turn  react  with  colorless  leukofuchsin  to  form  a  dye  compound  which  stains  pale 
pink  to  red- violet.  Presumably  the  intensity  of  staining  depends  upon  the 
number  of  reacting  aldehyde  groups  formed,  and  is  believed  to  give  an  indica¬ 
tion  of  the  state  of  aggregation  or  polymerization  of  the  glycoprotein  ground 
substance. 

In  order  to  distinguish  between  glycoproteins  and  glycogen,  both  of  which 
stain  with  this  procedure,  a  group  of  sections  was  treated  with  amylase  (alpha 
and  beta  amylase,*  1  mg.  per  cubic  centimeter,  pH  6  phosphate  buffer,  M/15)  for 
30  minutes  prior  to  .staining  in  order  to  remove  the  glycogen. 

Some  undenatured  sections  were  treated  with  the  enzyme  collagenase.  This 
enzyme,  which  is  derived  from  Clostridium  welchii  toxin'®  has  been  demon¬ 
strated  to  alter  ground  substance.  The  sections  were  treated  with  collagenaset 
(1  mg.  per  cubic  centimeter  in  Palitzsch’s  borate  buffer  pH  7)'°  for  one,  six,  and 
eighteen  hours.  Control  slides  were  treated  with  the  same  collagenase  reagent 
inactivated  by  heating  (100°  C.  for  one  hour)  and  then  stained. 

Since  monosaccharides,  free  aldehydes,  and  lipoprotein  complexes  also 
are  pa-S  positive,  a  group  of  sections  w^as  treated  prior  to  staining  in  order  to 
differentiate  between  these  additional  pa-S  positive  compounds.  Simple  sugars 
will  be  dissolved  and  removed  in  the  staining  reagents.  Free  aldehydes  will  be 
stained  wdthout  the  use  of  periodic  acid  oxidant,  while  some  lipoproteins  may 
be  removed  by  treatment  of  the  sections  with  hot  methanol-chloroform  before 
staining."  In  the  tissues  studied,  simple  sugars,  free  aldehydes,  and  lipopro¬ 
tein  complexes  w^ere  not  present  to  a  degree  w'hich  would  significantly  affect 
the  staining  reaction. 

Total  phosphate-carbonate  presumably  as  a  calcium  compound  was  studied 
by  the  use  of  the  histoehemical  modification  of  the  von  Kossa  method.'^  In  this 
method,  tissue  sections  are  treated  with  silver  nitrate  reagent  containing  silver 
phosphate  and  silver  carbonate  and  then  exposed  to  ultraviolet  light.  Areas 
w'hich  contain  phosphate-carbonate  appear  as  dark  granules  of  silver. 

For  purposes  of  orientation  as  well  as  for  morphologic  studies,  representa¬ 
tive  sections  were  stained  with  hematoxylin  and  eosin. 

Dentin  and  Pulp  Stones  of  Human  Teeth. — Fourteen  freshly  extracted 
teeth  w’ere  split  longitudinally  and  fixed  by  freezing  and  drying  using  the  pro¬ 
cedure  described  for  the  experimental  material.  Specimens  were  prepared  by 
sectioning  with  an  aluminum  oxide  disc  at  250  microns,  and  grinding  on  an 
Arkansas  stone,  using  oil  as  the  lubricant  in  order  to  prevent  the  possibility  of 
loss  of  w'ater-soluble  substances.  Following  grinding,  the  oil  was  removed  by 
washing  the  specimens  in  petroleum  ether.  Sections  w^ere  treated  with  a  pH  7 

•Nutritional  Biocheniicals,  Cleveland,  Ohio. 

tType  A  (B-599-M)  collagenase  furnished  by  the  Wellcome  Research  Laboratories, 
Beckenham,  England. 


Volume  32  GROUND  SUBSTANCE  IN  ABNORMAL  AND  SECONDARY  DENTIN  271 

Number  2 


phosphate  buffer  M/15,  for  one  and  two  hours  prior  to  staining  in  order  to  de¬ 
termine  if  water-soluble  glycoproteins  were  present.  Still  another  group  of  sec¬ 
tions  was  incubated  with  the  enzyme  collagenase  (1  mg.  per  cubic  centimeter 
in  a  Palitzseh’s  borate  buffer  pH  7)  for  eighteen  hours  and  then  stained.  The 
remaining  sections  were  denatured  overnight  in  absolute  ethanol  and  then 
stained  using  the  pa-S  method. 

Several  specimens  of  the  frozen-dried  dentin  were  decalcified  in  formic 
acid^®  and  stained  using  the  described  method.  This  was  done  in  order  to  de¬ 
termine  if  decalcification  resulted  in  a  qualitative  difference  in  the  staining  re¬ 
action  of  the  glycoprotein  component  of  the  ground  substance. 

Internal  Resorption. — Four  teeth  exhibiting  internal  re.sorption  were  stud¬ 
ied  using  the  methods  described  for  dentin  and  pidp  stones.  Three  teeth  were 
fixed  in  formalin,  decalcified  in  formic  acid,  sectioned  and  stained  for  glyco¬ 
protein.  The  fourth  Avas  frozen-dried,  sectioned,  ground  with  oil,  and  stained. 
Some  of  these  sections  were  treated  with  a  pH  7  phosphate  buffer  M/15  for  two 
hours  prior  to  staining. 

Odontomes. — Five  complex  odontomes  were  studied.  Two  specimens  were 
frozen-dried  and  ground  under  oil.  The  remaining  specimens  were  formalin 
fixed  and  decalcified  in  formic  acid.  Some  ground  sections  were  treated  for 
two  hours  with  a  pH  7  phasphate  buffer  M/15  prior  to  staining. 

Dentinogenesis  Imperfecta. — Four  formalin-fixed  teeth  exhibiting  den¬ 
tinogenesis  imperfecta  were  sectioned,  ground,  and  stained  using  the  pa-S 
method. 

RESULTS 

Experimentally  Produced  Abnormal  Dentin. — With  the  pa-S  method  the 
dentin  of  normal  second  molar  teeth  of  the  controls  stained  a  homogeneously 
light  pink  in  color  (Fig.  lA  and  IB).  The  second  molars  of  the  irradiated  an¬ 
imals  exhibited  masses  of  atypical  dentin  within  the  pulp  chamber  in  addition 
to  a  thinner  zone  of  primarj"  dentin  (Fig.  1C).  The  abnormal  dentin  of  ex¬ 
perimental  animals  was  characterized  by  a  blotchy  staining  reaction  (Fig.  IB). 
Some  areas  of  abnormal  dentin  stained  red  while  other  areas  were  light  pink  in 
color.  Scattered  throughout  the  abnormal  dentin  were  atypical  pulp  cells  char¬ 
acterized  by  cvdoplasmic  granules  which  were  heavily  pa-S  positive.  Incubation 
of  sections  with  amylase  prior  to  staining  removed  a  large  part  of  this  material, 
thus  indicating  the  presence  of  glycogen.  The  pulp  cells  of  the  control  molars 
contained  little  glycogen  and  glycoprotein  granular  material  by  comparison. 

Collagenase-treated  sections  of  normal  controls  revealed  no  appreciable  al¬ 
teration  in  stainability.  However,  the  molar  dentin  of  irradiated  animals  ex¬ 
hibited  a  marked  diminution  in  staining  following  incubation  with  collagenase 


Table  I 

Periodic  Acid  Schiei!'  Staining  Intensity  of  Normal  and  Abnormal  Dentin 


reagents  used 

normal  dentin 

abnormal  dentin 

None 

+  + 

+  to  +  +  +  + 

1>H  7  Iterate  buffer,  18  hr. 
Collagenase  in  a  pH  7  borate 
buffer,  18  hr. 

+  + 

+  to  +  + 

+  +  f 

-  to  + 
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lor  six  and  eighteen  houi*s.  The  areas  of  abnormal  dentin  were  lighter  in  eolor 
and  appeared  granular  as  eompare«l  with  irradiate<l  eontrols  ineubated  in 
buffer  alone  (see  Table  1). 

With  the  von  Kossa  moditieation,  granular  material  was  present  through¬ 
out  the  dentin  of  normal  eontrols  and  was  also  present  thronghout  the  dentin 

Fig.  2. 


Pig.  3. 

Fig.  2. — Ui'uunil  section  of  human  dentin  showing  Interglobular  areas  which  contain 
glycoprotein.  (  X 1 40. ) 

Fig.  3. — Internal  resorption,  with  a  superimposed  pulp  necrosis  showing  an  intensely 
stained  zone  associated  with  breakdown  of  dentin  matrix,  pa-S  method.  (X640. ) 
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Kig.  6A. 

Fig.  4. — Complex  oUontuiiie  HtaineU  using  the  pu-S  method.  (X70. )  «,  Pale-staining 

enamel  matrix ;  b,  abnormal  dentin  stains  heavily ;  v,  relatively  mature  dentin  of  ousp  of 
tooth. 

Fig.  5A. — Fissures  in  dentin.  In  dentinogenesis  imperfeeta.  These  defects  contain  a 
glycoprotein  which  is  Intensely  pa-S  positive.  1  X640.) 


and  part  of  the  abnornial  dentin  of  experimental  material  (Fig,  IF).  Some 
areas  suggestive  of  early  fonnation  of  abnormal  dentin  matrix  did  not  contain 
granules  of  retluced  silver. 

Dentin  and  Pxdp  Stones. — ^lature  dentin  was  slightly  pa-S  positive  and 
stained  a  very  pale  pink.  However,  areas  of  interglobular  dentin  stained  fairly 

Fig.  4.‘ 
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intensely  (Fig.  2).  This  intensity  of  staining  of  the  interglohnlar  areas  was 
markedly  diminished  by  treating  the  seetions  with  phosphate  buffer  for  one  and 
two  hours  prior  to  staining,  thus  indicating  the  removal  of  water-soluble  com¬ 
ponents.  This  stainability  of  the  primary  dentin  appeared  unchanged. 

The  staining  reaction  of  secondary  dentin  furnished  a  distinct  contrast  with 
primary  dentin  because  of  relatively  intense  stainability  of  the  former.  Sections 
treated  with  collagenase  for  eighteen  hours  revealed  a  slight  decrease  in  the 
stainability  of  secondary  dentin.  No  appreciable  change  was  observed  in  the 
staining  reaction  of  the  primary  dentin.  A  line  which  stained  intensely  was 
often  seen  separating  the  primary  and  secondary  dentin.  This  zone  corre¬ 
sponded  to  the  basophilic  staining  resting  line  which  is  seen  in  decalcified  prepa¬ 
rations  stained  with  hematoxylin. 

Pulp  stones  (false  denticles)  stained  intensely  and  the  laminations  appear 
relatively  distinct  because  they  stain  even  darker  than  the  adjacent  matrix. 

Frozen-dried  or  formalin-fixed  specimens  which  were  decalcified  generally 
exhibited  an  increased  staining  reaction  as  compared  with  the  undecalcified 
ground  sections.  This  increment  in  stainability  was  most  pronounced  in  the 
primary  dentin  and  resulted  in  a  diminished  contrast  with  the  interglohnlar 
areas. 

Internal  Resorption. — With  the  pa-S  staining  method  these  specimens  were 
characterized  by  a  red  staining  zone  adjacent  to  the  area  of  resorption.  One 
specimen  in  which  there  w’as  a  partial  necrosis  of  the  pulp  was  characterized  by 
an  intense  pa-S  positive  zone  adjacent  to  the  pulp  (Fig.  3).  This  striking 
change  in  the  ground  substance  may  be  the  result  of  proteolytic  activity  by  bac¬ 
teria,  superimposed  upon  the  primary  resorptive  process. 

Odontomes. — The  components  of  the  odontome  were  pa-S  positive  in  a  most 
irregular  manner  (Fig.  4).  Zones  of  atypical  and  interglohnlar  dentin  and 
cementum  w'ere  intensely  pa-S  positive,  while  areas  corresponding  to  more  ma¬ 
ture  dentin  stained  pale  pink.  Enamel  did  not  stain,  w'hile  enamel  matrix  in 
decalcified  preparations  stained  a  very  pale  pink.  Buffer-treated  undecalcified 
.sections  revealed  a  decrease  in  staining  intensity  of  the  poorly  formed  dentin 
and  cementum. 

Dentinogenesis  Imperfecta. — The  dentin  of  these  specimens  was  very  in- 
ten.sely  pa-S  positive.  It  was  traversed  by  fissures  and  canals  which  contained 
a  dark  red  staining  material  (Fig.  5A).  Under  higher  magnification  part  of 
the  dentin  consisted  largely  of  small  globules,  calcospherites  (Figs.  5B  and  5C), 
w'hich  stained  lighter  than  the  adjacent  interglohnlar  areas.  The  remaining 
dentin  matrix  stained  dark  red  in  a  relatively  homogeneous  manner.  The  stain¬ 
ability  of  dentin  in  dentinogenesis  imperfecta  was  characteristically  the  most 
intense  of  any  of  the  hard  tissues  observed  in  this  study. 

DISCUSSION 

Calcification,  lioth  physiologic  and  pathologic,  is  generally  associated  with 
a  protein  matrix.  In  physiologic  calcification,  cells  such  as  odontoblasts  are  as¬ 
sociated  with  the  formation  of  a  protein  matrix  which  serves  as  the  ground  sub¬ 
stance  within  which  calcium  salts  form  calcospherites.  These  calcospherites 
eventually  fuse  to  form  a  relatively  homogeneous  calcified  structure.  In  patho- 
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lof?ic  calcifications,  such  as  false  denticles,  the  protein  matrix  is  furnished  by 
dead  or  dying  cells  of  the  dental  pulp.  Furthermore,  it  is  postulated  that  this 
protein  matrix  or  ground  substance  must  be  in  a  certain  state  of  aggregation 
or  organization  in  order  that  calcification  be  initiated.  For  example,  this  study 
suggests  that  dentinogene.sis  imperfecta  is  characterized  by  an  abnormal  protein- 
carbohydrate  ground  sulxstance  which  is  unable  to  react  with  calcium  salts  to 
produce  mature  dentin. 

Fig.  5B. 


fik.  bc. 


yig.  BB. — Dentin  In  dentinuKenexis  imperfecta  stained  usinK  pa-S  method.  Dark-stalnInK 
areas  represent  poorly  organized  ground  substance.  (X70. ) 

Fig.  5C. — Higher  magniflcation  of  above,  illustrating  interglobular  dentin.  (X640.) 
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Ground  substances  of  cartilage,  bone,  and  dentin  contain  carbohydrate- 
protein  complexes  which  are  believed  to  be  organized  as  polymers.  The  work 
of  Gersh  and  Catchpole^^  and  others^®  has  suggested  that  there  is  a  relationship 
between  the  degree  of  polymerization  of  the  ground  substance  and  the  degree 
of  calcification  of  bone  matrix.  Furthermore,  these  polj^mers  which  have  a 
relatively  high  density  of  negative  charges  at  physiologic  pH  can  react  with 
cations  and  they  may  combine  with  calcium.'® 

As  was  mentioned  in  the  introduction,  it  is  postulated  that  the  intensity  of 
staining  with  the  periodic  acid-Schiff  method  depends  upon  the  number  of 
specific  hydroxyl  groups  in  the  carbohydrate  portion  of  the  glycoprotein  which 
are  available  for  the  staining  reaction;  and  this  availability  is  related  to  the 
state  of  aggregation  or  polymerization  of  the  carbohydrate-protein  ground  sub¬ 
stance.  Thus,  highly  poljTuerized  ground  substances  would  stain  less  intensely 
than  in  their  less  polymerized  state.  Secondary  dentin  and  pulp  stones  ap¬ 
parently  contain  a  less  polymerized  ground  sul)stance  as  contrasted  with  pri¬ 
mary  dentin,  and  thus  stain  more  intensely  than  the  latter.  This  interpreta¬ 
tion  also  holds  true  for  interglobular  dentin  and  the  atypical  dentin  observed 
in  odontomes  and  dentinogenesis  imperfecta.  Thus,  the  characteristic  increased 
susceptibility  to  wear  of  teeth  in  dentinc^enesis  imperfecta  may  be  correlated 
with  the  intense  periodic  acid-Schiflf  .staining  reaction. 

In  addition  to  the  criterion  of  intensity  of  stainability  as  an  indication  of 
state  of  organization  of  the  ground  substance  of  dentin,  solubility  and  enzyme 
tests  tend  to  confirm  this  interpretation,  since  polymers  occurring  in  biologic 
material  are  generally  more  water  soluble  and  altered  by  enzymes  in  their  less 
aggregated  states.  For  example,  the  decrease  in  stainability  of  interglobular 
dentin  following  treatment  with  buffer  while  the  adjacent  more  mature  and 
calcified  dentin  appears  unchanged  is  attributed  to  a  lower  state  of  aggregation 
of  the  ground  substance  of  the  interglobular  areas.  It  is  interesting  to  note 
that  an  intense  pa-S  staining  reaction  is  observed  in  dental  caries  in  which 
there  is  a  grossly  apparent  solution  of  the  ground  substance.'  It  should  he 
mentioned,  however,  that  glycoproteins  in  a  relatively  low  state  of  aggregation 
may  also  stain  pale  similar  to  highly  aggregated  ground  substances.  Never¬ 
theless,  differences  in  organization  still  may  be  inferred  by  solubility  and  en¬ 
zyme  procedures.  For  example,  the  less  aggregated  state  of  abnormal  dentin 
is  indicated  by  the  observation  that  the  enzyme  collagenase  will  alter  experi¬ 
mentally  produced  abnormal  dentin,  while  this  enzyme  produces  no  observable 
effect  upon  the  normal  dentin  of  control  anim'>’®. 

In  the  experimental  production  of  abnormal  dentin,  irradiation  may  alter 
the  cells  of  the  pulp  so  that  they  become  as.sociated  with  the  formation  of  a 
carbohydrate-protein  ground  sub.stance,  or  its  precursor.  This  assumption  is 
based  on  the  fact  that  the  abnormal  pulp  cells  contain  cytoplasmic  glycoprotein 
granules  which  are  similar  in  staining  reaction  to  the  extracellular  dentir. 
matrix.  In  addition  to  glycoprotein  granules,  the  pulp  cells  contain  abnormal 
amounts  of  glycogen.  The  presence  of  glycogen  has  been  associated  with  cal¬ 
cification  in  both  dentin  and  bone.  Moreover,  glycogen  storage  by  cells  has  also 
been  observed  in  experimental  wound  healing  and  other  pathologic  conditions 
by  Bradfield.”  It  is  his  interpretation  that  glycogen  is  accumulated  in  cells 
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during  repair  processes  which  occur  under  relatively  anaerobic  conditions.  By 
analogy  the  response  of  the  pulp  to  irradiation  may  also  be  interpreted  as  an  ab¬ 
normal  type  of  repair  process  in  which  pulp  cells  require  abnormal  amounts  of 
glycogen  as  an  energy  source  for  protein  synthesis  for  the  formation  of  atypical 
dentin. 

CONCLUSIONS 

Formation  of  abnormal  dentin  by  ionizing  irradiation  is  correlated  with  the 
presence  of  intracellular  as  well  as  extracellular  glycoprotein.  This  suggests 
that  irradiation  alters  pulp  cells  and  odontoblasts  so  that  they  become  associated 
with  the  production  of  a  poorly  formed  ground  substance.  The  low  state  of 
aggregation  or  organization  of  this  ground  substance  is  indicated  by  its  dissolu¬ 
tion  by  the  enzyme  collagenase  and  its  water  solubility. 

The  glycoprotein  ground  substance  of  interglobular  and  secondary  dentin, 
dentin  in  internal  resorption,  pulp  stones,  odontomes,  and  in  dentinogenesis 
imperfecta  is  characterized  by  areas  which  exhibit  a  greater  than  normal  periodic 
acid-Schiff  staining  reaction. 

The  findings  suggest  a  relationship  betw'een  the  state  of  calcification  of 
dentin  and  the  submicroscopic  organization  of  the  ground  substance. 

The  author  wishes  to  thank  Dr.  M.  B.  Engel  for  helpful  criticism,  and  Miss  Edith  Crook 
for  technical  assistance. 
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ON  THE  DEVELOPMENT  OF  DENTIN  IN  FISH 
I.  Squalus  acaxthias  Linnaeus 
THORVALD  KVAM,  D.D.S.,  Ph.D.* 

University  of  California  College  of  Dentistry,  San  Francisco,  Calif. 
INTRODUCTION 

The  appearance  of  the  membrana  terminans  precedes  the  beginning  of 
formal  development  of  the  tooth  in  the  Squalus  acunthias.^  This  structure 
appears  to  be  of  mesodermal  origin  and  forms  the  junction  of  the  ectoderm  and 
mesoderm.  Its  growth  progresses  with  the  initiation,  shaping,  and  expansion 
of  the  tooth  germ.  As  the  tooth  germ  continues  to  develop,  an  organic  matrix 
is  first  observed  in  the  tip  of  the  dental  papilla.  This  matrix  appears  to  be  an 
elaboration  from  the  peripheral  cells  of  the  papilla.  The  cytoplasmic-like  mate¬ 
rial  coalesces  into  a  unified  mass  as  the  cell  nuclei  retreat  inward.  At  first  the 
matrix  contains  fibroglia  fibers  which  later  undergo  a  maturation  to  form  collag¬ 
enous  fibers.  With  the  establishment  of  a  collagenous  matrix,  the  tip,  and,  for 
some  distance  down,  the  sides  of  the  tooth  undergo  a  dense  mineralization.  The 
mineral  deposition  is  so  complete  that  the  organic  matrix  is  lost  during  routine 
decalcification.  This  mineralized  cap  is  referred  to  as  mesodermal  enamel  since 
its  fundamental  matrix  is  of  mesodermal  origin.  Once  the  cap  is  formed,  a 
less  densely  mineralized  dentin  continues  to  form  inside  the  cap. 

MATERIAL  AND  METHODS 

In  sharks,  tooth  germs  of  decreasing  size  and  development  are  found  be¬ 
hind  the  erupted  tooth.  In  a  true  sagittal  section,  it  is  possible  to  obtain  sev¬ 
eral  tooth  germs  at  different  stages  of  development. 

The  animals  investigated  w'ere  19  to  24  cm.  long.  Immediately  after  death, 
the  jaws  were  dissected  out  and  divided  into  pieces  2  mm.  in  length.  The  speci¬ 
mens  were  fixed  in  Bouin,  Susa,  Zenker,  and  Zenker-formol.  Maximow’s  Zenker- 
formol  was  particularly  favorable  for  the  staining  methods  used,  and  was,  there¬ 
fore,  employed  in  the  case  of  most  of  the  material,  with  a  fixation  period  of 
twenty-four  hours. 

The  material  was  decalcified  in  5  per  cent  nitric  acid,  embedded  in  paraffin, 
and  cut  in  series.  The  thickness  of  the  sections  varied  from  5  to  8  /t.  In  addi¬ 
tion  to  staining  for  orientation  with  either  hematoxylin-eosin  or  hematoxylin- 
orange  a,  a  number  of  other  staining  methods  w'ere  employed. 

For  studies  of  the  cells,  Heidenhain’s  iron  hematoxylin  was  largely  used. 
As  a  counterstain,  Hansen’s  picro-saure  fuchsin  was  used.  Of  combination 
stains  specially  adapted  for  connective  tissue,  Heidenhain’s  azan  and  Mal- 

This  work  was  done  in  part  at  the  Hiolog:ical  Station  of  the  ITniveisity  of  Oslo  in  Drftbak, 
Norway. 

•Visiting  Fulbright  Scholar;  supported  by  a  Sniith-Mundt  Grant;  Research  Fellow,  Dental 
School  of  Norway.  Present  address :  Nordre  Gate  G,  Trondheim,  Norway. 

Received  for  publication,  Aug.  11,  1952. 


280 


DENTIN  DEVELOPMENT 


ACANTHIAS 


lory’s  method  were  used.  A  further  development  of  AValter’s”  modification 
of  Pasini’s  method®-  *  was  also  employed. 

For  demonstration  of  the  so-called  reticular  or  precollagenous  fibers,  Wild¬ 
er’s*  silver  impregnation  method  was  used.  It  is  considerably  easier  to  effect 
than  most  of  the  earlier  described  silver  impregnation  methods,  and,  according 
to  my  experience,  has  a  very  reliable  effect. 


OBSERVATIONS 

The  Formation  of  Dentin  Within  the  Mesodermal  Enamel  Cap. — Fig.  1 
shows  the  first  stage  of  the  dentin  formation,  and  in  Fig.  2  this  area  is  seen 
in  higher  magnification.  The  development  begins  between  the  earlier  deposited 
organic  foundation  of  the  mesodermal  enamel  and  the  nuclei  in  the  peripheral 
cells  in  the  tip  of  the  dental  papilla.  Many  heterogeneously  arranged  discrete 
fibrils  are  found  a  little  distance  from  the  peripheral  cell  nuclei.  The  area  of 
newly  formed  fibrils  has  no  uniform  boundary,  neither  toward  the  mesodermal 
enamel  nor  toward  the  dental  papilla.  Some  fibrils  enter  a  short  distance  into 


Fig.  1. — Tooth  germ  with  initial  development  of  dentin  beneath  the  mesodermal  enamel. 
Wilder’s  silver  impregnation,  iron  hematoxylin,  picrofiichsin.  X200.  me.  Mesodermal  enamel; 
<i,  dentin ; .  tep,  tooth  germ’s  ectodermal  part :  dp,  dental  papilla. 

Fig.  2. — Higher  magniflcation  of  section  used  in  Fig.  1.  X540. 


the  organic  foundation  of  the  mesodermal  enamel,  while  othci’s  more  closely 
approximate  the  peripheral  cell  nuclei.  Some  can  even  be  traced  between  these 
nuclei.  The  fibrils  of  the  dentin  are  much  coarser  than  the  fibrils  of  the  meso¬ 
dermal  enamel  and  they  are  argyrophil. 

The  substance  which  can  be  discerned  at  intervals  between  the  fibrils  has  a 
similar  granular  appearance  to  the  substance  between  the  peripheral  cell  nuclei 
and  the  fibrils.  Von  Korff’s  fibers  are  not  visible  where  the  newly  formed 
dentinal  fibrils  have  been  deposited,  but  only  in  areas  nearer  the  basal  jiart  of 
the  dental  papilla. 
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At  the  next  stage  of  development  (Pigs.  3  and  4),  the  number  of  fibrils  has 
increased  to  such  an  extent  that  a  relatively  compact  structure  is  present.  The 
individual  fibrils  can  be  distinguished  only  at  the  boundary  of  the  mesodermal 
enamel.  There  is  seldom  an  even  border  between  the  mesodermal  enamel  and 
the  dentin,  since  many  fibrils  from  the  dentin  penetrate  into  the  enamel.  There- 


Fig.  3.  Fig.  4. 

Fig.  3. — Tooth  germ  with  initial  development  of  dentin  along  the  whole  surface  of  the 
dental  papilla.  X200.  Staining  and  symbols  as  in  Fig.  1. 

Fig.  4. — Same  section  as  in  Fig.  3.  X540. 


Fig.  5. — Tooth  germ  with  dentin  development  in  progress.  Beginning  development  of  osteo¬ 
dentin.  X200.  od,  Osteodentin.  Other  symbols  and  staining  as  in  Big.  1. 
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by,  a  boundary  area  arises  in  which  the  transformed  fibroglia  fibrils  of  the 
mesodermal  enamel  are  mingled  with  the  argyrophil  fibrils  of  the  dentin. 

The  boundary  between  the  dental  papilla  and  the  newly  formed  dentin 
loses  its  irregularity  and  becomes  uniform.  It  has  been  observed  that  in  ex¬ 
ceptional  cases  some  fibrils  extend  from  the  dentin  in  between  the  peripheral 
cell  nuclei®*  after  a  distinct  dentinal  layer  has  been  deposited  within  the  meso¬ 
dermal  enamel.  However,  the  rule  is  that  the  boundary  line  soon  becomes  uni¬ 
form  and  without  any  trace  of  fibrils  inside  toward  the  dental  papilla. 

The  area  of  the  mesodermal  part  of  the  tooth  germ  which  adjoins  the  newly 
fonned  dentin  (Figs.  3  and  4)  consists  of  cell  nuclei  and  a  substance  surround¬ 
ing  the  nuclei  which  looks  like  granular  cytoplasm,  without  any  clear  division 
into  cells  and  without  intercellular  substance.  The  tissue  has  rather  the  charac¬ 
ter  of  a  syncytium. 


d 


dp 


Fig.  C.  Fig.  7. 

Fig.  6. — Tooth  germ  with  advanced  dentin  development.  X200.  Staining  and  symbols 
as  in  Fig.  1. 

Fig.  7. — Same  section  as  In  Fig.  6.  X540. 

The  further  growth  of  the  dentin  (Fig.  5)  proceeds  by  the  deposition  of  new 
dentin  inside  that  already  formed.  The  whole  dentinal  layer  becomes  so  com¬ 
pact  that  the  individual  fibrils  are  indistinguishable  in  the  histologic  sections. 
The  border  line  toward  the  dental  papilla  is  even.  The  outermost  part  of  the 
dental  papilla  is  still  syncytial  and  granular  in  character,  without  indication  of 
fibers. 

The  foregoing  pattern  follows  throughout  the  entire  dentin  development, 
even  to  that  deposited  last  (Figs.  6  and  7). 

The  Formation  of  Dentin  Basal  to  the  Mesodermal  Enamel  Cap. — As  pointed 
out,  the  membrana  terminans  at  first  occupies  a  position  between  the  epithelial 


Fig.  53. 
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cells  of  the  tooth  frerm  and  the  developing  mesodermal  enamel.  Basally  beyond 
the  limits  of  the  mesodermal  enamel  cap  the  dentin  which  continues  to  form 
appears  somewhat  different  in  its  beginning  stages  of  development.  It  is  initiated 
at  the  membrana  terminans  as  argA'rophil  fibers  which  pass  inward  between  the 
peripheral  papilla  cells  and  are  the  so-calle<l  von  Korff  fibers.  In  higher  mag¬ 
nification  (Fig.  8),  we  see  that  these  often  divide  just  before  joining  with  the 
membrana  terminans.  and  it  appears  as  though  the  transverse  von  Korff  fibers 
become  reoriented  to  extend  longitudinally  in  the  membrana  terminans. 


Fig.  8. — Division  of  tooth  germ  with  initial  development  of  dentin.  Staining  as  in  Fig.  1. 
X540.  tep.  Tooth  germ’s  ectodermal  part:  kf,  von  Korff’s  fiber;  mt,  membrana  terminans; 
dp,  dental  papilla. 


Dentin  formation  in  this  area  continues  by  the  deposition  on  that  side 
of  membrana  terminans  w'hich  faces  the  dental  papilla  (Figs.  3  and  5).  The 
deposited  substance  seems  to  be  fibrous,  and  as  it  is  argv’rophil,  the  fibrils  are 
precollagenous,  but  these  lie  so  close  to  one  another  that  the  individual  fibrils 
cannot  V)e  resolved. 

Initially,  von  Korff’s  fibers  are  seen  (Fig.  3),  but  when  the  dentinal 
layer  has  reached  a  certain  thickness,  every  trace  of  these  fibers  has  disappeared 
(Fig.  5).  With  their  disappearance,  the  border  line  tow'ard  the  dental  papilla 
is  even.  The  outermost  part  of  the  dental  papilla  appears  as  a  syncytium  and 
granular,  without  indications  of  fibers  (Figs.  6  and  7). 


DISCUSSION 

During  the  period  of  development  in  which  the  von  Korff  fibers  are  pres¬ 
ent,  it  is  natural  to  assume  that  these  should  be  embedded  in  the  dentin.  How¬ 
ever,  it  is  only  in  the  outermost  dentinal  layer,  where  no  mesodermal  enamel  is 
formed,  that  the  von  Korff"  fibers  appear  to  participate. 

Where  the  newly  formed  dentin  is  in  continuity  with  the  dental  papilla, 
it  is  of  a  syncytial  character  and  it  is  probable  that  the  cytoplasm  of  the  papilla 
cells  takes  an  active  part  in  the  formation  of  the  dentinal  matrix  fibrils.  Inas- 


Volume  32  DENTIN  DEVELOPMENT;  SQUALUS  ACANTHIAS  285 

Number  2 

much  as  the  substance  between  the  first-formed  fibrils  (Fig,  2)  has  the  same 
granular  appearance  as  the  cytoplasm  of  the  peripheral  papilla  cells,  it  suggests 
that  the  fibrils  were  formed  directly  in  the  cell  cytoplasm  and  not  as  a  secretion. 

Whether  the  cytoplasm  of  the  peripheral  papilla  cells  participates  in  the 
formation  of  the  fibrils  basally  to  the  mesodermal  enamel  in  those  areas  where 
von  Korff ’s  fibers  are  present  is  a  question  which  cannot  be  settled  on  the  basis 
of  the  material  at  hand.  A  noteworthy  observation  is  that  with  the  beginning 
of  dentin  development  in  those  areas,  the  von  Korif  fibers  are  numerous.  How¬ 
ever,  as  dentin  increases  in  width,  their  presence  becomes  progressively  lessened 
and  finally  almost  nonexistent. 

Studnicka®  investigated  the  development  of  selachian  teeth  in  which  he 
employed  sections  stained  with  silver  according  to  a  modification  of  Biel- 
schowsky’s  method.  He  demonstrated  the  presence  of  von  Korff’s  fibers  in 
very  early  tooth  germs,  but  these  were  absent,  also,  after  the  first  dentinal 
stratum  had  been  laid  down.  Studnicka  took  the  view  that  the  first  dentin 
formation  is  brought  about  by  the  growth  of  the  membrana  terminans  (“mem- 
brana  preformative”),  in  which  von  Korff’s  fibei-s  are  involved.  The  next  step 
was  ascribed  to  an  interior  growth  of  the  first-formed  dentinal  stratum.  He 
thought  that  after  a  sharply  defined  inner  dentinal  boundary  had  l)een  formed, 
further  apposition  growth  occurs  to  widen  the  dentin  matrix.  It  is,  of  course, 
extremely  difficult  to  decide  in  a  series  of  developmental  stages  whether  the 
growth  takes  place  by  interior  growth  or  stratification.  Nor  does  Studnicka 
state  what  is  the  basis  of  his  assumption.  He  also  agrees  that  the  first  dentin 
formation,  in  which  it  may  be  assumed  that  the  von  Korff  fibers  take  part,  must 
go  on  by  stratification  on  the  membrana  terminans. 

Von  KorlT’  ®  and  Weidenreich^  both  investigated  the  development  of  the 
teeth  in  Squalus  acanthias  (Acanthia  I'ulgaris).  Von  Korff  in  a  previous  work 
had  described  the  first  dentin  formation  in  mammals  as  the  result  of  the  deposi¬ 
tion  of  bundles  of  radiating  fibers,  which  come  from  the  dental  papilla  and 
spread  fanwise  outward  to  form  the  outermost  dentinal  layer.  He  was  unable 
to  demonstrate  the  presence  of  similar  fibers  during  the  further  growth  of  the 
dentin  in  mammalian  teeth.  In  Sq^ialus  acanthias,  however,  he  claimed  to  have 
shown  that  the  formation  of  the  subsequent  dentinal  layere  is  effected  by  the 
deposition  of  fibers  from  the  dental  papilla.  Thus,  von  Korff  was  of  the  opinion 
that  dentin  is  formed  by  the  apposition  of  intrapapillary  fibers.  However,  he 
published  only  one  schematic  drawing  of  dentin  formation  in  Squalus  acanthias, 
this  being  a  stage  of  development  corresponding  to  Fig.  5.  Von  Korff  pictures 
fibers  around  the  whole  periphery  of  the  dental  papilla,  which  spring  from 
far  inside  the  papilla  and  terminate  in  the  intermost  dentinal  layer.  Around 
the  papilla  tip  the  fibers  are  few  and  fine,  while  toward  the  base  of  the  papilla 
they  increase  in  number  and  thickness.  In  my  photograph  of  a  corresponding 
silver-impregnated  stage  of  development  (Fig.  5)  the  von  Korff  fibers  are 
not  generally  present.  Only  at  the  bottom,  near  the  base  of  the  dental  papilla, 
are  argyrophil  fibers  visible. 

Weidenreieh^  found  that  the  outermost  dentinal  layer  in  Squalus  acanthias 
arises  by  the  deposition  of  fibers  from  the  dental  papilla,  while  the  layer  inside, 
which  constitutes  the  greater  portion  of  the  dentin,  is  formed  by  transforma- 
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tion  of  the  outer  papilla  cells.  Apart  from  the  area  of  the  dentin,  which  is 
formed  just  inside  the  mesodermal  enamel,  Weidenreich’s  view  of  dentin 
formation  agrees  with  the  results  herein  reported. 

SUMMARY 

The  formation  of  the  collagenous  fibers  of  the  dentin  in  Squalus  acunthias 
Linnaeus  is  effected  by  differentiation  in  the  cytoplasm  of  the  peripheral  cells  of 
the  dental  papilla.  Along  the  sides  of  the  tooth,  basally  to  the  mesodermal 
enamel,  von  Korff’s  fibers  participate  in  the  formation  of  the  outermost  dentinal 
layer. 
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STUDIES  ON  EXCRETION  OF  ANTIBIOTICS  IN  HUMAN  SALIVA 
11.  Chloramphenicol 

I.  B.  BENDER,  D.D.S.,  B.  S.  PRESSMAN,  M.D.,  AND  S.  G.  TASHMAN,  B.A. 

From  the  Research  Laboratories  of  the  Albert  Einstein  Medical  Center,  Northern  Division, 

Philadelphia,  Pa. 

The  excretion  of  antibiotics  in  the  saliva  may  be  of  significance  in  the  pre¬ 
vention  of  bacteremias  following  extraction  of  teeth.  In  a  previous  in¬ 
vestigation^  we  reported  on  the  excretion  of  penicillin  and  streptomycin  in  the 
saliva.  To  date  no  studies  have  been  made  on  the  excretion  of  chloramphenicol 
in  saliva  following  oral  or  intravenous  administration. 

The  purpose  of  this  study  is  to  measure  and  compare  the  concentration 
of  chloramphenicol  in  the  blood  serum  and  saliva*  at  various  intervals  follow¬ 
ing  a  single  intravenous  injection  of  1  gm.  of  chloramphenicol. 

PROCEDURES 

Outline  of  Procedures. — Patients  were  selected  from  the  ward  of  the 
medical  service  and  outpatient  department  who  had  not  been  on  previous  anti¬ 
biotic  therapy  for  at  least  10  days.  This  was  the  experimental  group.  Another 
group  of  subjects,  recruited  from  laboratory  personnel,  was  selected  on  the 
basis  of  tests  showing  that  their  saliva  had  no  inhibitoi./  effect  against  the 
growth  of  the  test  organisms  to  be  used  in  the  study.  This  was  the  control 
group,  members  of  which  were  to  receive  no  antibiotics. 

Samples  of  saliva,  approximately  5  ml.,  were  collected  from  each  patient 
prior  to  administration  of  antibiotic,  in  order  to  measure  any  nonspecific  in¬ 
hibition  of  the  saliva  against  the  test  organism  to  be  used. 

The  antibiotic  solution  was  prepared  as  follows:  1  gm.  of  chlorampheni¬ 
col  in  acetyldimethylamine  was  diluted  with  50  ml.  of  hot  physiologic  saline 
solution.  This  was  accomplished  by  heating  the  saline  solution  to  110°  to  115° 
F.,  withdrawing  the  saline  in  the  syringe,  and  then  withdrawing  the  chloram¬ 
phenicol  in  the  same  syringe.  A  single  dose,  consisting  of  the  entire  amount 
of  antibiotic  solution  as  described,  was  slowly  injected  into  the  vein.  Samples 
of  blood  serum  and  saliva,  approximately  5  ml.  each,  were  collected  at  0.5,  1,  2, 
4,  6,  8,  and  24  hour  intervals  following  administration  of  antibiotic. 

Blood  and  saliva  specimens  were  collected,  stored  and  prepared  for  assay 
according  to  the  method  previously  described.^  Blood  serum  and  saliva 
specimens  were  assayed  for  chloramphenieol  by  a  turbidimetric  method  pre¬ 
viously  described.*’  *  Staphylococcus  aureus  209  was  the  test  organism  used. 
The  concentrations  of  chloramphenicol  in  physiologic  saline  used  in  the  con¬ 
struction  of  the  standard  curves  are  shown  in  Table  I. 

Aided  by  a  grant  from  Mary  L.  Weinberger  Uesearch  Fund. 

Received  for  publication,  July  22,  1952. 

•"Saliva”  as  here  used  should  really  be  designated  “spit.”  Saliva  is  a  digestive  fluid 
secreted  by  salivary  glands,  whereas  spit  includes  mucus  as  well  as  salivary  secretions. 


287 


288 


BENDER,  PRESSMAN,  AND  TASHMAN 


J.  D.  Res. 
April,  195? 


Table  I 

Solutions  in  Standard  Tubes 


AtG./ML.  CHLORAMPHENICOL  IN  PHYSIOLOGIC  SALT  SOLUTION 

SERUM  ASSAY 

1  SALIVA  ASSAY 

32.0 

16.0 

8.0 

8.0 

3.0 

3.0 

1.0 

1.0 

To  measure  the  nonspecific  inhibition  of  a  given  subject’s  saliva,  data  ob¬ 
tained  from  the  assay  of  the  saliva  specimen  collected  before  administration 
of  antibiotic  were  compared  with  data  for  assay  of  saliva  from  members  of  the 
control  group.  The  amount  of  nonspecific  inhibition,  if  any,  was  subtracted 
from  the  calculated  amount  of  chloramphenicol  to  give  the  true  value. 

Discussion  of  Procedures. — 

Administration  of  chloramphenicol:  The  chloramphenicol  was  administered 
intravenously,  rather  than  orally,  to  get  a  more  rapid  absorption  and  a  faster 
peak  level  in  the  saliva.  This  method  was  found  expedient  because  it  con¬ 
served  time  in  our  bacteremia  studies.  The  first  5  patients  experienced  con¬ 
siderable  pain  when  the  drug  was  injected  directly  into  the  vein.  Pain  was 
avoided  by  using  chloramphenicol  diluted  with  50  ml.  of  heated  physiologic 
saline  and  by  injecting  it  slowly.  It  was  not  deemed  advisable  to  dilute  the 
drug  in  200  ml.  of  water  as  suggested  in  another  study.^  Higher  dilutions, 
giving  larger  volumes,  are  not  practical  for  rapid  administration  to  ambula¬ 
tory  patients.  If  the  saline  solution  is  not  heated  to  110°  to  115°  F.  the  drug 
precipitates  in  the  lumen  of  the  needle  or  in  the  syringe.  In  four  cases, 
patients  did  not  receive  the  full  1  Gm.  dose  because  of  such  precipitation.  The 
variations  of  the  dose  were  from  0.5  to  0.85  Gm. 

Almost  all  the  patients  complained  of  a  slight  dizziness,  a  bitter  taste,  a 
hot  or  a  cool  feeling  in  the  throat  during  the  intravenous  administration.  No 
syncope  or  any  other  complaint  was  encountered  in  administering  the  drug  to 
fifty-eight  patients. 

Nonspecific  inhibition  of  saliva:  A  saliva  specimen  entirely  free  of  anti¬ 
biotic  content  may  nevertheless  have  .some  nonspecific  inhibitory  effect  on  the 
growth  of  test  organisms.  At  an  early  stage  of  this  investigation,  saliva 
specimens  were  as.sayed  on  the  assumption  that  their  inhibitory  effect  was  no 
greater  than  the  inhibitory  effect  of  the  salivas  used  as  controls.  However, 
the  apparent  chloramphenicol  concentration  in  some  of  the  saliva  specimens 
seemed  abnormally  high;  subsequent  assay  of  the  saliva  collected  before  ad¬ 
ministration  of  the  antibiotic  showed  inhibitory  effects  equivalent  to  as  much 
as  3.0  /i.g./ml.  chloramphenicol. 

This  discrepancy  had  not  been  noticed  in  penicillin  and  streptomycin 
determination  because  of  the  difference  in  the  range  of  the  assay.  In  turbidimet- 
ric  mea.surements,  a  difference  of  5  Klett  units  in  the  reading  of  the  instrument 
is  equivalent  to  a  difference  in  concentration  of  1.0  /tg/ml.  of  chloramphenicol, 
but  only  0.006  units  ml.  of  penicillin  or  0.31  fig/ml.  of  streptomycin.  (Actually 
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the  maximum  value  for  streptomycin  would  have  been  0.63  /ig/ml.  had  the 
antibiotic  not  been  diluted  1 :2  with  penicillinase.) 

The  inhibitory  effect  of  drug-free  saliva,  if  present,  is  additive  with 
chloramphenicol.  This  was  determined  by  assaying  saliva  with  known 
amounts  of  inhibitory  substance  to  which  known  amounts  of  chloramphenicol 
had  been  added. 

With  the  turbidimetric  method  used  in  the  foregoing  studies,  values  as 
low  as  0.1  /ig/ml  of  chloramphenicol  were  obtained. 

Test  organisms:  Staphylococcus  aureus  209  was  used  as  the  test  organism 
for  chloramphenicol  assay  because  of  the  low  inhibitory  effect  upon  it  of  drug- 
free  saliva.  In  some  instances,  drug-free  saliva  exerted  an  inhibiting  effect  on 
Staphylococcus  aureus  Oregon  J.  Strain  (American  type  culture  collection 
No.  9801)  equivalent  to  3  /xg/ml.  of  chloramphenicol,  whereas  with  Staphy¬ 
lococcus  aureus  209  in  most  instances  no  inhibitory  effect  was  observed. 

In  13  out  of  58  cases,  saliva  had  a  nonspecific  inhibitory  effect  on  both 
these  test  organisms.  If  the  inhibitory  effect  was  present  against  Staphy¬ 
lococcus  aureus  209,  the  amount  of  inhibition  averaged  an  equivalent  of  1.5 

RESULTS 

Blood  Serum. — One-half  hour  after  intravenous  administration  of  1  gram 
of  chloramphenicol,  the  number  of  micrograms  of  chloramphenicol  per  ml.  of 
blood  serum  was  as  follows;  average  for  34  adult  patients,  13.5;  highest,  34; 
lowest,  6.4.  The  peak  level  was  reached  in  the  first  one-half  hour,  however, 
there  is  a  possibility  that  the  peak  had  been  reached  even  earlier  as  the  half 
hour  value  was  the  earliest  to  be  measured.  This  level  is  not  sustained,  but 
drops  sharply  (Fig.  1.) ;  by  the  end  of  the  second  hour,  there  was  an  approxi¬ 
mate  50  per  cent  drop;  at  the  end  of  8  hours,  the  average  concentration  was 
1.2  /tg  per  millimeter  of  blood  serum.  Tables  II  and  IIA  show  the  number  of 


Table  II 

Concomitant  Levels  op  Chloramphenicol  in  Blooi>  and  Saliva  Followino  a  Single  One 
Gram  Intravenous  Dose  of  Chloramphenicol  in  Acetyldimethylamine 


CONCENTRATION  OP  CHLORAMPHENICOL  IN  fUi./UL.  AFTER  30  MINUTES 

PATIENT 

1  BLOOD 

1  SALIVA 

1  PATIENT  1 

BLOOD  1 

SALIVA 

1 

15.0 

2.3 

17 

1.3.6 

1.9 

2 

8.8 

1.0 

18 

13.6 

1.5 

3  ■ 

8.0 

1.0 

19 

16.0 

2.1 

4 

1.3.2 

1.5 

20 

6.4 

1.0 

5 

32.0 

- 

21 

13.6 

1.0 

6 

10.0 

3.5 

22 

9.8 

2.5 

7* 

4.0 

- 

23 

11.2 

1.2 

8 

7.6 

.3.5 

24 

8.4 

- 

9 

8.0 

2.9 

25 

17.4 

- 

10 

2.0 

1.9 

26 

9.2 

- 

11 

10.0 

1.3 

27 

32.0 

1.6 

12 

6.6 

2.0 

28 

7.2 

1.2 

13 

21.0 

3.2 

29 

8.4 

2.0 

14 

6.8 

1.6 

30 

15.4 

1.2 

15 

27.0 

0.9 

31 

18.6 

2.0 

16 

11.4 

1.1 

♦Patient  received  only  0.8  Gm.  of  chloramphenicol  because  of  precipitation  of  drua  in 
syringe. 


Table  IIA 

Blood  Serum  and  Saliva  Levels  Following  Intravenous  Administration  op  1  Gram  op  Chloramphenicol  in  Acetyldimethylamine 
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cases  for  each  interval  of  time  and  the  concomitant  chloramphenicol  levels  in 
blood  serum  and  saliva.  Table  III  shows  the  mean  concentrations  of  chloram¬ 
phenicol  in  micrograms  per  milliliter  in  the  different  number  of  cases  at 
different  time  intervals. 

Saliva. — One-half  hour  after  intravenous  injection  of  1  Gm.  of  chloram¬ 
phenicol,  the  number  of  micrograms  of  chloramphenicol  per  milliliter  of  saliva 
was  as  follows :  average  of  29  patients,  1.7 ;  highest,  3.5 ;  lowest,  1.0.  The  peak 
level  was  reached  in  the  first  one-half  hour  (but  no  measurements  had  been 
made  at  an  earlier  interval) ;  by  the  end  of  the  second  hour,  there  was  a  drop 
of  almost  50  per  cent ;  after  8  hours,  the  saliva  of  only  1  patient  out  of  7  con¬ 
tained  a  detectable  amount  of  chloramphenicol;  at  the  end  of  24  hours,  the 
saliva  of  none  of  the  patients  contained  detectable  amounts  of  chloramphenicol. 
(Tables  II  and  II A.) 

The  disappearance  of  chloramphenicol  in  saliva  is  only  slightly  faster 
than  in  blood  serum.  (Compare  Figs.  1  and  2).  At  the  end  of  the  eighth 
hour,  the  saliva  of  only  1  patient  out  of  7  had  detectable  amounts  of  chloram¬ 
phenicol  (0.6  /ig/ml.) ;  whereas  the  blood  serum  of  a  corresponding  5  patients 
ranged  from  0.0  to  3.2  /ig/ml.  No  relationship  can  be  observed  between  the 
concentration  of  chloramphenicol  in  blood  serum  and  saliva  of  the  same  per¬ 
son;  a  patient  with  34  /xg/ml.  in  blood  serum  had  1  /ig/ml.  in  saliva,  and  a 
patient  with  2  /xg/ml.  in  blood  serum  had  1.9  /ig/ml.  in  saliva.  The  concentra¬ 
tion  of  drug  may  be  related  to  blood  and  saliva  volume. 


Table  III 

MeA.N  CONCE.STRATIOXS  OF  CHLORAMPHENICOL  IN  /iG/ML.  AT  DIFFERENT  INTERVALS  OF  TIME 


SALIVA 

BLOOD 

TIME 

CASES  1 

MEAN 

1  CASES 

1  MEAN 

30  Min. 

29 

1.7 

34 

13.5 

I  Hr. 

21 

•  1.5 

16 

11.4 

2  Hr, 

20 

0.8 

16 

7.3 

4  Hr. 

22 

0.6 

14 

3.1 

6  Hr. 

9 

0.4 

- 

- 

8  Hr. 

7 

0.1 

5 

1.2 

24  Hr. 

3 

0.0 

- 

- 

SUMMARY  AND  CONCLUSIONS 

1.  Chloramphenicol  was  administered  intravenously  to  a  group  of  patients, 
and  the  concomitant  levels  of  the  chloramphenicol  in  the  blood  serum  and  in  the 
saliva  were  measured  at  various  intervals  after  administration. 

2.  Chloramphenicol  can  be  administered  intravenously  with  less  ill  effect 
if  it  is  diluted  in  50  ml.  of  heated  physiologic  saline  solution. 

3.  In  the  assay  of  chloramphenicol  in  saliva,  it  is  necessary  to  take  into 
account  the  nonspecific  inhibitory  effect  of  some  saliva  specimens. 

4.  Staphylococcus  aureus  209  is  the  test  organism  of  choice  for  the  assay 
of  chloramphenicol  in  saliva. 

5.  Intravenous  injection  of  chloramphenicol  is  followed  by  excretion  of 
chloramphenicol  into  saliva. 
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6.  The  peak  concentration  of  chloramphenicol  in  both  blood  serum  and 
saliva  is  reached  within  30  minutes  following  administration  of  the  antibiotic. 

7.  The  concentration  of  chloramphenicol  in  both  blood  serum  and  saliva 
drops  to  about  50  per  cent  two  hours  after  administration. 

8.  Detectable  amounts  of  chloramphenicol  are  still  present  in  both  blood 
serum  and  saliva  at  the  end  of  8  hours  after  administration;  at  the  end  of  24 
hours,  no  detectable  amounts  are  in  the  saliva. 

9.  Penicillin  and  streptomycin  disappear  from  the  saliva  much  faster  than 
they  do  from  the  blood  serum;  chloramphenicol  persists  in  the  saliva  almost  as 
long  as  it  does  in  the  blood  serum. 
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ANTIBODIES  OF  SYPHILIS  IN  SALIVA  AND  SERUM 

ROGER  D.  COLEMAN*  AND  MILO  D.  APPLEMAN 

Bacteriology  Department,  The  rniversity  of  Southern  California,  Los  Angeles,  Calif. 

INTRODUCTION 

T  HAS  been  shown  by  Barnett  and  Kulehar'  that  saliva  is  not  infectious  in 

early  syphilis.  Though  the  spirochetes  do  not  ordinarily  pass  from  the  periph¬ 
eral  blood  system  to  the  salivary  secretions,  Bruynoghe'-*  and  Kanter  and  Ap¬ 
pleton®  have  shown  that  some  antibodies  are  present,  and  Wiener  and  Kosof- 
sky^  have  proved  the  presence  of  antigens. 

Klauder  and  Kolmer®  have  reported  a  study  of  twenty  saliva  specimens 
from  patients  with  positive  blood  tests  in  which  they  found  a  great  many  anti¬ 
complementary  reactions  with  the  modified  Wassermann  test  used. 

If  the  rise  in  salivary  titer  of  reagin  antibody  preceded  that  of  the  blood 
stream,  this  would  be  a  useful  test  to  detect  the  secondary  stage  of  syphilis  be¬ 
fore  the  usual  serodiagnostic  tests  became  positive. 

EXPERIMENTAL  TECHNIC 

The  standard  Kahn,  Mazzini,  and  VDKL  slide  tests  were  chosen  as  floccula¬ 
tion  procedures.  These  tests  were  performed  according  to  the  methods  in  the 
Venereal  Disease  Information  Supplement  No.  22.®  For  comparative  purposes  in 
this  study,  the  VDRL  test  was  rated  by  pluses  like  the  Mazzini.  The  Kolmer  test 
was  selected  because  it  is  the  most  common  and  most  generally  accepted  comple¬ 
ment  fixation  test  available.  The  results  are  recorded  as  units. 

Rein  and  Kostant^  have  demonstrated  a  univalent  complement  fixing  anti¬ 
body  and  a  bivalent  flocculation  antibody.  The  former  readily  passes  through 
the  intact  placenta  while  the  bivalent  or  flocculation  antibody  does  not.  It  is  not 
clear  if  these  two  antibodies  are  distinct  from  the  two  that  Eagle  and  Hogan® 
have  demonstrated,  labeled  by  them  as  antilipidal  and  antitreponemal.  These 
differences  experienced  in  the  antibody  titers  as  measured  by  flocculation  tests 
and  by  complement  flxation  technics  make  it  essential  that  some  complement  fix¬ 
ing  procedure  be  included  in  this  study. 

Ten  patients  known  to  be  free  of  syphilis  were  taken  as  negative  controls 
and  thirty-one  individuals  with  treated  syphilis  were  taken  at  random.  Ten  pa¬ 
tients  with  syphilis  who  had  received  no  treatment  were  also  selected.  These  ten 
all  were  patients  with  newly  diagnosed  cases  and  were  further  screened  so  that  the 
subjects  had  not  received  penicillin  or  other  antitreponemal  antibiotics  in  the  im¬ 
mediate  past  for  any  other  illness.  These  exclusions  were  made  to  discover 
whether  with  treatment  the  salivary  titer  might  drop  before  that  of  the  blood. 

Blood  was  collected  in  the  usual  manner  from  a  prominent  vein  of  the  arm. 
The  saliva  secreted  during  a  five-minute  period  which  was  stimulated  by  chewing 
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paraffin  was  collected  in  a  clean  bottle.  No  attempt  was  made  to  collect  separate 
saliva  specimens  from  individual  salivary  glands  as  prescribed  by  Poth.®  This 
latter  method,  though  quite  satisfactory,  involves  greater  cooperation  from  the 
patient  than  can  frequently  be  obtained. 

RESULTS 

The  results  are  summarized  in  Tables  I  and  II.  From  Table  I,  it  is  appar¬ 
ent  that  saliva  is  generally  less  sensitive  in  the  serodiagnostic  tests  than  serum. 
This  may  be  because  the  saliva  is  low  in  globulin  and  it  is  generally  established 
that  antibodies  are  associated  with  the  globulin.  Yet  in  a  few  cases,  four  out 
of  thirty-one  treated  patients  (12.9  per  cent),  it  is  interesting  to  see  that  the 
saliva  was  more  sensitive  than  serum.  Attempts  to  increase  the  sensitivity  of 
the  saliva  by  precipitating  the  globulin,  as  in  the  Kahn  test  on  spinal  fluid, 
gave  universally  negative  Kahn  tests.  To  determine  whether  the  positive  or 
doubtful  tests  on  saliva  were  related  to  the  activation  period  as  in  serum,  saliva 
samples  were  run  without  this  preliminary  heating  period.  All  precipitation 
tests  were  negative  without  the  activation  period  of  56°  C.  for  thirty  minutes. 

Table  II  shows  that  many  primary  cases  with  positive  blood  have  negative 
saliva.  Fifty  per  cent  of  these  cases  had  completely  negative  salivas,  and  those 

Table  I 


Comparison  op  Saliva  and  Serum  op  31  Treated  Patients  Chosen  at  Random 


TREATED 

SERUM 

SALIVA  1 

patients 

VDRL 

VDRL 

AT 

SLIDE 

SUDE 

RANDOM 

KAHN 

MAZZINI 

TEST 

KOLMER 

KAHN 

MAZZINI 

TEST 

KOLMER 

1 

2 

2 

2 

2 

3+ 

3 

2 

3 

2 

1 

1 

2 

0 

1 

1 

3 

1 

3 

1 

1 

1 

0 

0 

0 

+ 

0 

4 

2 

2 

3 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

6 

3 

3 

3 

8 

0 

0 

0 

0 

7 

1 

1 

2 

0 

0 

1 

2 

1 

8 

2 

3 

4 

>160 

0 

0 

0 

0 

9 

4 

4 

2 

>160 

0 

+ 

0 

1 

10 

+ 

+ 

0 

0 

0 

0 

0 

0 

11 

± 

1 

o 

0 

0 

+ 

0 

0 

12 

0 

0 

0 

0 

1 

2 

3 

0 

13 

4 

4 

4 

4 

0 

0 

+ 

0 

14 

+ 

0 

+ 

0 

0 

0 

0 

0 

15  • 

1 

2 

1 

0 

0 

0 

0 

0 

16 

0 

+ 

+ 

0 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

+ 

0 

18 

0 

+ 

1 

+ 

+ 

0 

0 

1 

19 

+ 

1 

1 

1 

0 

0 

+ 

1 

20 

4 

4 

4 

>160 

0 

1 

T 

0 

21 

0 

0 

0 

0 

0 

+ 

1 

0 

22 

3 

4 

4 

32 

0 

+ 

+ 

0 

23 

0 

2 

2 

1 

0 

0 

0 

0 

24 

0 

0 

0 

0 

0 

1 

1 

0 

25 

0 

0 

0 

0 

0 

0 

0 

0 

26 

4 

4 

4 

0 

0 

0 

0 

0 

27 

2 

4 

4 

1 

0 

.  0 

0 

0 

28 

0 

0 

0 

0 

0 

0 

0 

0 

29 

4 

4 

4 

0 

0 

0 

0 

0 

30 

0 

3 

0 

0 

0 

0 

0 

0 

31 

4 

4 

4 

16 

0 

± 

1 

0 
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Table  II 

Comparison  op  Saliva  and  Serum  of  Ten  Untreated  Patients  With  Positive  Cases 


SERUM 

SALIVA 

VDRL 

VDRL 

UNTREATED 

SLIDE 

SLIDE 

PATIENTS 

KAHN 

MAZZINI 

TEST 

KOLMER 

KAHN 

MAZZINI 

TEST 

KOLMER 

1 

4 

4 

4 

32 

0 

0 

0 

0 

2 

4 

4 

4 

>160 

1  + 

3 

4 

2 

3 

4 

4 

4 

32 

0 

0 

0 

0 

4 

4 

4 

4 

>160 

0 

0 

0 

+ 

5 

4 

4 

4 

>160 

0 

0 

0 

0 

6 

4 

4 

4 

>160 

0 

0 

0 

16 

7 

4 

4 

4 

>160 

0 

0 

0 

16 

8 

2 

3 

4 

AC 

0 

0 

0 

0 

9 

4 

+ 

1  + 

16 

0 

0 

0 

AC  (16) 

10 

3 

2 

3 

64 

0 

+ 

+ 

+ 

that  were  positive  were  only  weakly  positive.  In  a  control  series  of  ten  nega¬ 
tive  tests  no  false  positives  occurred  and  all  tests  were  completely  negative. 


DISCUSSION 

These  studies  demonstrate  that  saliva  has  reagin  antibodies  that  occasionally 
can  be  demonstrated  with  the  usual  tests  for  serologic  diagnosis  of  syphilis.  Some 
of  the  chemical  properties  of  saliva  have  been  shown  to  fluctuate  with  drugs 
(Bramkamp^®),  with  intensity  of  enervation  (Hellauer  and  Schneider^^),  with 
hereditary  principles  (Matson^^),  and  in  some  cases  in  the  method  of  study 
(Wainwright  and  Becks^®).  Some  bacterial  antibodies  are  present  (Kanter  and 
Appleton,®  Kirch,  Kesel,  O’Donnell,  and  Wach^^)  and  apparently  others  are  not 
(Thompson  and  Shibuya^®). 

In  these  studies  antibodies  occur  but  their  presence  apparently  is  not  corre¬ 
lated  directly  with  the  blood  titer.  The  study  shows  that  the  antibody  may  be 
present  in  the  saliva  in  patients  with  a  positive  history  of  syphilis.  Salivary  anti¬ 
bodies  are  less  concentrated  in  treated  patients.  It  has  also  been  demonstrated 
that  the  .serodiagnostie  tests  in  use  today  with  serum  cannot  be  used  diagnosti¬ 
cally  on  saliva.  The  appearance  and  concentration  of  reagin  may  be  a  function 
of  the  length  of  time  the  individual  has  been  infected,  and  the  possibility  exists 
that  antibodies  appear  later  in  untreated  patients.  The  ability  to  secrete  anti¬ 
gens  is  known  to  be  hereditary  in  certain  eases,  i.e.,  secretors,  and  the  possibility 
may  exist  that  certain  persons  who  have  the  reagin  antibody  may  secrete  it  in 
their  saliva  while  others  who  have  it  may  not. 

It  should  be  determined  if  salivas  in  which  antibodies  are  demonstrated  have 
higher  protein  concentrations,  particularly  of  globulins. 

It  has  been  shown  that  after  treatment  the  antibody  titer  in  saliva  is  less 
than  that  in  blood  and  possibly  the  titer  drops  first  in  the  saliva.  It  may  be  that 
treatment  is  frequently  instituted  before  the  appearance  of  antibodies  in  the 
saliva,  and  as  a  result  of  the  treatment,  salivary  antibodies  are  never  demonstra¬ 
ble. 
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The  five  treated  patients  in  whom  the  salivary  tests  were  more  positive  than 
the  serum  are  as  yet  unexplained.  Four  of  them  had  negative  blood,  yet  the 
salivas  gave  doubtful  or  weakly  positive  tests. 

SUMMARY 

The  presence  of  reagin  antibodies  of  syphilis  has  been  demonstrated  in  some 
saliva  specimens  when  the  antibodies  were  also  present  in  the  serum  or  when  the 
I)atient  had  a  history  of  the  disease.  Some  of  the  more  common  serodiagnostic 
tests  can  be  used  to  reveal  them. 

Most  of  the  specimens  were  collected  at  the  South  East  District  Health  Clinic  of  the 
Los  Angeles  City  Department  of  Health  for  which  recognition  and  appreciation  are  due 
Drs.  Cowper,  Roberts,  Lighter,  Wood,  and  others  at  that  organization  for  their  cooperation 
and  assistance. 
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INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH 
1954  MEETING 

The  32nd  General  Meeting  will  be  held  at  French  Lick,  Indiana,  ^larch  19, 
20,  and  21,  1954. 

The  closing  date  for  acceptance  of  items  for  the  program  will  be  Dee. 
15, 1953. 

NOVICE  AWARD 

The  Novice  Award  will  be  available  in  1954.  The  1953  award  was 
presented  to  Dr.  John  J.  Sally  of  the  University  of  Rochester.  Details  will  be 
distributed  by  mail  to  all  members  and  other  interested  persons  about 
August  15. 
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